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ABSTRACT 

This publication discusses worldwide prooieas and 
issues of coEcern. There ari> two aajor parts. Pan I deals with 
"Converging Deaands," For those who regularly read the Horldwatch 
Papers, »uch of the material in this section will be fiailiar. The 
aattriai is included here particularly for the sake of those readers 
abroad who do not have ready access to the Institute's puolications. 
Discussed are erosion, biological systeas under pressure, oil, food, 
and eaerging econoaic and social stresses. Part II, "The Path to 
Sastainability," coaprises appro^laately two-thirds of tiie 
publication. A number of issues are exaained including population 
growth, conservation of natural resources, renewable energy (e-g- 
wood, wind, and falling water), and changing values. Ihe shape of a 
sustainable society— a sustainable transportation system, the 
resurgence of agriculture, new industries and jobs, urbanization, 
greater local self reliance, and siapler life styles— is exaained. 
The aeans of transition to this scstainable society and the 
institutional challenges are discussed. The publication concludes 
with a subject inder. (Author/RM) 
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* I his book is not an"i$o]ated effort to discuss the sustainable 
society, but rather part of the continuing research program of 
the WorldWatch Institute/For those who regularly read the 
WorldWatch Papers, much of the material in the early chapters 
on converging; demands will be familiar. The material is in- 
cluded" here particularly for the sake of those readers abroad 
. who do not.have ready access to the Institute's other publica- 
tions. Those familiar with the issues may want to go directly 
uonfi the Introduction to Part II, concentrating on the two- 
thirds, of the book ^ that is prespriptive. 

Although the issues addressed here are the same as those 
covered in the eaily years of Wcrldwatch, the perspective is far 
different. When the Institute began in early 1975, there was 
little appreciation of the firewood crisis that was emerging in 
the Third World. In ^yashington, the official position was that 
OPEC's 1973 increase: in the price of oil was artificially high 
and that it would shortly return to a more normal level. There 
was scant acknowledgment of the extent of soil erosion, a 
problem now recognized as worldwide. It was still hoped that 
the leveling off of the world fish catch in the early seventies 
was but a temporary interruption in a long-term increase. At 
that time there was little understanding of the relationship 
between global deforestation, and lumber prices and the cost 
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of housing. Double-digit global inflation was believed to be an 
aberration, a result of the unwarranted OPEC oil-price 'n- 
crease. 

Now, in igSi, the perspective has changed. Awareness of 
these problems is far more widespread. Publication during the 
seventies of such studies as The Limits to Growth, Mankind 
at the Turning Point, Soft Energy Paths, and Energy Future 
drew attention to the forces that threaten to undermine the 
economy, such as environmental deterioration and oil-reserve 
depletion, and to the need to move in new directions. Nearly 
a decade of public discussion and debate of the issues was 
capped with the release of. the U.S. goverment's Global 2000 
Report in the summer of 1980. With this official recognition 
of the issues, the time has come to devise a response, to outline 
the steps to a sustainable society. 

The picture of a sustainable society that is drawn here has 
of necessity been painted with -a broad brush. It could not be 
otherwise if the analysis were to be confined to a single volume. 
The purpose is to describe the essential character of a sustain- 
able society, to provide a sense of direction for planners and 
policymakers who are too busy to do all the reading and re- 
search needed to^make decisions. 

Although this book was written in the urban setting of 
\Vashington,t).G., 2nd taps the vast flows of information from 
all over the world that converge in a major capital, it also was 
shaped by my own agricultural roots. The analysis of trends and 
events, reflects not only a decade of farming during my.high 
school and college years, but six months spent living in Indian 
villa3es and niore than a decade qf intensive involvement in 
world agricultural development while working with the U.S. 
^ Department of Agriculture. 

As noted earlier, this book is not a fresh beginning. Nor is 
it the last word. Subsequent Worldwatch Papers and -other 
books will elaborate bri many of the issues raised here. A forth- 
coming Worldwatch book, for example, will elaborate on the 
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subject of Chapter 9, "Renewable Energy: Turning to the 
Sun/' . . ^ 

In. an undertaking of this scale, an author is indebted not 
only to pepple who assisted directly with the book, but also to 
many writers and analysts for their intellectual contributions. 
Beyond this, I am heavily indebted to the United Nations 
Fund for Population Activities for the financial support for this 
project. Rafael Salas, who heads the fund, and Jyoti Singh, our 

^ project officer, have been a great help as the book evolved. la 
addition, there are many sources of financial support for the 
Institute above and beyond those that directly supported 
Building A Sustainable Society. All these debts are so numer- 
ous that I have devoted several pages to acknowledgments at 

^ the end, of the book. 
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of the major centers^of ?J/Iayan civilization recently 
made the news, a thousand years after its collapse. This belated 
attention came when Science carried a detailed article in late 
1979 analyzing the.society^ long-term evolution and eventual 
(d6^ynfall^ Using the latest ^techniques of paleo-ecological re- 
search, scientists<det€rmined thaf'the number of Mayans in the 
lowlands of Guatemala Jha^ expanded continuously over 17 
cerituries^beginning about jhc'time of Homerjic Greece in 800 
B.C. Doffing on the average of every 408 years, the population 
by A.D. 9odhad reached five million with a density comparable 
to that. of the most agriculturally intensive societies of today. 
At tliis agricultural, cultural, and architectural peak, the 
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civilization suddenly collapsed. Within decades, the popula- 
tion fejl to less than one-tenth of what it had been. An analysis 
ohcore samph'ngs from two lake beds in the area hints at the 
reason for this abrupt debline. As population pressure in- 
creased, soil erosion gradually accelerated. The topsoil was 
being washed into the area's lakes, draining the cropland of its 
productivity and one of the world's early civih'zations of its 
sustenance. ^ 

The members of the joint research tjam from the'University 
of Chicago and the University of Florida who made these 
discoveries observe that population-induced environmental 
stresses had become intense during the centuries preceding 
collapse. They report that the area was almost wholly defor- 
ested by A.D. ^50^ Deforestation and mounting pressure on 
croplands then led to the loss of topsoil and the gradual dech'ne 
of the land's productivity. In passing, the research team points 
out that the environmental havoc so discernible from our cur- 
rent perspective may not have been perceptible to the 
"managerial elite* or their economic advisors."^ 

These new findings make us look twice at the root causes of 
the collapse of other early civilizations. The fall of the societies 
located in the Tigris and Euphrates River Basin had long been 
attributed to outside invaders. Yet more recCnt information 
.indicates that the Mesopotamian civilizations, too, may have 
been the victims of cumulative environmental stresses that 
eventually reduced food supplies and undermined their econo- 
mies.^ ^ 

Located in an arid region, the Fertile Crescent civilization 
grew and flourished on the strengt^l ^f-the food supply that 
irrigation made possible. But because the irrigation systems 
had no drainage components, 'the underground water table 
graduafly rose, and waterlogging and salting of the soil ensued. 
The land's productivity could not be sustained over the long 
term. ^ ,^ 

^Likt the lowlands of Guatemala^ which once supported as 
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many people as the whole of contemporary Guatemala, the 
Tigris-Euphrates area may have been even more populous in 
^rly times than it is today. Similarly, North Africa;was once 
the granary of the Roman Empire, but Libya and Algeria now 
import half of their grain from North Amcrica.'*^^ 

If enyironmental stresses undermined earlier civilizations, 
whose population doubling times were measured in centuries, 
what is their impact now when population doubling time is 
measured in decades? Tod^y^ world population is expanding at 
nearly 2 percent per year, and in many countries the rate is 3 " 
percent or more.^ The ultimately disastrous rate of increase 
among the Mayans appears almost leisurely in comparison. 

Docs this comparison suggest that the Mayans' legacy is our 
own? That our "managerial elite * is blind to the environmental 
signs of our times? And what arc these signs? 

Surely, soil erosion is one. Even though world food output 
has more than doubled since 1950^ that impressive increase has 
entailed land abuse so severe that fully one-fifth and perhaps 
as much as one-third of the world's cropland is losing topsoil 
at a rate that is undermining its long-term productivity.^ In 
Washington, the Department qf Agriculture reported in early 
1981 that the inherent productivity of 34 percent of U.S^ 
^cropland is now falling because of the excessive loss of topsoil^ 
- A widespread global phenomenon, soil erosion remains a prob- 
lem that few countries have been^able to address effectively. 

The global cropland base is also threatened by the conver- 
sion of agricultural lands to other uses. In the niid-wcstern 
United States, shopping centers stand where only a few years 
ago corn grew. West Germany is losing 1 percent of its agricul- 
tural land to urban encroachment every fourycars.^ In south- 
ern China, factories are being built on land that for generations 
yielded two rice harvests annually.- 

Each year, urban sprawl, village expansion, and highv/ay 
construction claim several million acres of prime cropland, 
while land hungry farmers push cultivation onto ever more 
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fragile soils. We can now see, as perhags the Mayans could not, 
the-doublccedged effect of population growth on the cropland 
base. Population. increase simultaneously generates a demand 
for more cropland and creates pressure to tonveF+ the cropland 
to other uses. Wherever population growth is rapid, this dou- 
ble-edged effect can quickly lead societies Into crises. 

In addition to the threat from soil erosion, a second major 
threat is the unsustainable relationship that has developed be- 
tween ourcontemporary civilization and the.^biological systems 
that support it. Our economic system depencJs heavily on for- 
ests, grasslands, and oceanic ipheries for lumber, firewood, 
paper, meat, milk, butter, cheese, leathcf, wool, seafood, and 
numerous lesser commodities. Together, these three natujal 
biological systems provide not only most of the animal protein 
in our diet but energy and raw materials as well. 

Unprecedented demand for these commodities, the pro- 
ducts of postwar affluence and record population increases, 
now exceeds the carrying capacity of biological systems in 
many parts of the world. ^Overfishing, overgrazing, and defor- 
estation have become widespread. As demand exceeds the sus- 
tainable yield of biological systems, we begin to consume the 
productive resource base itself,, engaging- in the biological 
jquiyalent of deficit financing. 

The third clearly identifiable threat to contemporary civiliza- 
tion is the potential depletion of oil reserves before alternative 
energy sources are developed. Most of the readily accessible, 
remaining reserves of oil will be consumed within a few 
decades, but development of new sources of energy to power 
tlje economy is far behind schedule. We liveHh a petroleum 
culture that is fast running out of petroleum. 

Each of the three threats to civilization — the erosion of soil, 
the deterioration of biological systems, and the rapid depletion 
of oil reserves— adversely affects food prospects. Environmen- 
tal stresses that affect the food $ystem^hreaten to undermine 
our contemporary global civilization as they did earlier, local 
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ones. In the absence of immediate attention to these threats, 
the struggle to make it from one harvest to the next may^ 
become a global preoccupation. 

Indeed,, there are signs that the. food problem may unfold, 
during the eighties as dramatically as the^pnergy problem did^ 
during the seventies. The parallels are disturbing. Just as coun-" 
tries everywhere had become addicted tojmported oil by the 
early seventies, so they have. become de^ndent on imported' 
grain by the early eighties. Just as the world had come to 
> depend heavily on the Middle East for oil, so it now depends 
ovirwhelniingly^n North^America for g^^ The final parallel 
is perhlips thlTmost disturbing, just as Middle Eastern oil is 
being depleted, so too are North ij^merican soils. At the existing 
intensity of cultivation, every ton of grain exported leads to the 
loss of several tons of topsoil. 

. These stresses and strains are shaping the world econoifny of 
, the "early eighties. Inflation threatens to become uncontrol- 
lably! Irijc^re js no immediately foreseeable limit on the price 
f.dloil^ y/orld food reserves are at a near record low. Mounting 
J international debt threatens the viability of the international \ 
monetary system. Inflationary fears are shifting capital away V 
from productive investment to speculation in gold, farmland, 
grain, oil, and real estate. 

In thcsJUiiited States the response to the economic stresses 
is to talk about the need for. reindustrialization. ''Supply-side" 
economists argue that inc^tives to expand production will 
bring back the rapid growth, low inflation, and full employ- 
ment of yesteryear. They believe that reduced taxes for corpo- 
rate investors and accelerated investment depreciation 
schedules, will do the trick. Unfortunately, these remedies deal 
- with the symptoms of our problems, not their causes. 

If economists persist m treating only the symptoms, there is 
little hope that civilization can be sustained. If we cannot arrest 
the excessive erosion of soil from pur croplands, how can wg 
feed ourselves in the years ahead? If we cannot preserve the 
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natural biological systems that underpin the global economy, 
how can we preserve the economic system on which bur liveli- 
hood depends? If we cannot cohserve.the remaining reserves 

.of oil until alternative eriergy sources arc developed, the fate 
that.befell the Mayans eleven centuries ago may be burs as well. 

Whit separates us from the Mayans, of course,.is our linder- 
stahding of our environment and our predicament. We.know 
Ave, are on^an iinsustainabfe path. The Mayans may, riot have 
recognized the threats to their society, but we sec what threat- 
ens ours. We alscriSow that there are no simple technological 

^ fixes, Wrong responses can themselves spawn new threats Jo 
civilization. Attempts to replace oil with nuclear power will 
lead to weapons proliferation, political instability, and possibly 
sclf'destniction. Excessive dependence on coal as^a transition 
fuel could lead to a buildup in atmospheric carbon dioxide and 
changes in climate that would make it impossible for our grand- 
children to feed themselves. 

Intertwined though they arc, each of these threats to society 
requires a different policy response. If soils are to be preserved, 
millions of farmers the world over will have to change their 
agricultural practiccsv in most c^ses^abandoning quick-return 
practices for more sustainable ones. Protecting the biological 
support systems will require regulating the harvest alid, it fol- 
lows, regulating demand cither through higher .prices or ration- 
ing. To maintain a steady supply of safe energy, goycrnmcnts, 
corporations, and individuals will need to invest heavily in 
renewable energy resources. Creating a sustainable society will 
require fundamental economic and social changes, a wholesale 
alteration of economic priorities and population policies. 

The magnitude of these changes is scarcely in question. 
Every facet of human existence— diet, employment, leisure, 
values, politics, and habits— will be touched.^As the transition 
proceeds, new skills will be needed and old skills will become 

- obsolete. Wind mctcrologists will replace pctrqlcum geologists. 
Farmers will become energy producers, as well as consumersT 
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Energy auditors, solar architects, foresters, and family planners 
will be "in great demand. This need for new skills will 
thoroughly challehgejhe edjicatipnal and training ?acilities:of 
universities, corporStionsj and^government agencies. " 

r^opulationjistnbutipn^win^ altered as economic^actiyity 

" gravitates toward sources of renewable energy. Just as early 
inciustnal society evolved in close proximity to coal mines, new 

, Industrial centers will develop around concentrations of renew- 
able energy — hydroelectric power sites, geothermal fields, wind 

iarms, heavily forested regions, and regions of abundant sun- 
light. Geographically, economic, activity will be more diffuse 
and less centralized, in keeping with the broad dispersal of 
renewable energy sources. 

Of the many dimensions of the transition to a sustainable 
society, the most critical is time. Because we are at the turning 
point in resource management, the course of the transforma- 
tion will be oCt well before the eighties end. Unlike the earlier 
energy transitions which were relatively leisurely, the shift from 
oil to sustainable sources of energy must be compressed into 
the next few decades. 

Mounting worldwide inflationar>' pressures indicate that the 
transition is already behind schedule. Yet, despite rising food 
prices and the other signs of the' lag, there is reason for hope. 
China has halved its population growth rate in less than a 
decade."^ The United States reduced its daily oil imports over 
50. percent within a two-year span.^^ Here and there, the 
.trar|sition to ajustainable society is getting under way. 
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^^roplands are the, foundation not only of agriculture but of 
civilization itself. NVhen soils are eroded and crops are poorly 
Ix^pourisbpd, pcople/arex^ften undernourished as well. Tlius, the 
loss of ioi} is inCsome ways the most serious of the threats 
civilization faces. Degraided biological systems can usually re- 
cover if giye^n tb^ opportunity, but ah mch-of topsoil lost 
u through erosion jnay take nature centuries to replace. Similarly, 
alternatives to* oil can be developed, but there are no widely 
usable substitutesior soil in food production. Civilization can 
survive the exhaustion of oil reserves, but not the continuing 
wholesale loss of topsoil. - - ' 

Since mid-century, pressures on the earth's croplands have 
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mounted. Growing populations dernaiid more land not only for 
food production but for other purposes as well. Even as , the 
need for cropland expands, more and more farmland is being 
put.t|9jiqnagricultural uses. Worse, the most productive crop- 
lands"are"the most likely to be converted to nonfarm'uses. 

As the eighties unfold, hujpj^nity faces a wgddwide shortage 
of productive croplafrd,-aaitc land hunger in many countries, 
and escalating prices for farmland almost everywhere. In a 
worldAvith no excess agricultural capacity,, the continuing loss 
of..prime farmland anyvyhere can drive food prices upward 
everywhere. For most people rising food .prices are the most 
immediate, most disastrous face of inflation, fueling political 
instability with desperation. 

TJie^Historical Expansion of Cropland 

Historically, the expansion of cultivation has been closely tied 
to population growth. Responding to population pressures, 
farmers .moved from valley to valley and continent to conti- 
nent, gradually extending the area under cultivation. Today, 
one-tenth of the earth's land surface is under the plow, and th|' 
promising settlement frontiers have all but vanished. 
^^Ovcr time, as the demand for food has pressed against local 
supplies, farmers have devised ingenious techniques such as 
irrigating, terracing, and fallowing for extending agriculture 
onto new lands. Irrigation enables farmers to grow crops where 
rainfall is low or unpredictable. Terracing permits the exten- 
sion of agriculture onto steeply sloping land, even mountain- 
sides. Centuries of laborious effort shaped the elaborate, often 
pidturesqueil' systems of terraces in Japan, China, Nepal, In- 
donesia, and in the Andean highlands the Incas once inhab- 
ited. 

In semiarid regions where rainfall cannot sustain continuous 
cultivation — such as the western Great Plains of North Amer- 
ica, the Anatolian Plateau of Turkey, and the drylands of the 
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Soviet Union— altcrnatc-ycar cropping has evolved. Under this 
system, land lies fallow evefy other year to accumulate mois- 
ture; dLvegetativc cover is destroyed during the fallow year, 
and the land is covered with a dust mulch that curbs the 
evaporation of water from the soil. Where fallowing leaves the 
soil vulnerable to wind erosion, fields are plowed in strips: 
alternate strips are cropped and fallowed, with the cropped 
strips serving as windbreaks for the fallow strips. Adopting such 
practices permitted wheat production to continue in the west- 
em Great Plajus> after the Dust Bowl years of the thirties. 

In parts of*sub-Saharan Africa, Brazil, the outer islands of 
Indonesia, and other tropical regions where more nutrients are 
stored in vegetation than in the soil, fallowmg restores soil 
fertility. Stripped of the dense vegetative cover, soils in the 
humid tropics quickly lose their fertility. In response, tropical 
farmers have mastered shifting cultivation, whereby they clear 
land and crop it for three or four years, then systematically 
abandon it as crop yields decline; when, after 20 to 25 years, 
the exhausted soils have revived, ''shifting cultivators" repeat 
the cycle. 

These practices enabled farmers to move onto land where 
conventional agriculture would not survive. In doing so, they 
have greatly increased the earth's capacity to feed people. But 
now, under population-induced stress, these time-tested prac- 
tices are being abandoned. 

Some of these stresses have been monitored by agronomists 
but analyses of overall cropland area and productivity trends 
have until recently been sketchy because data have been sparse. 
An analysis. of data for, grains only, which occupy some 70 
percent of the^world's cropland, shows rising land productivity 
for the period from 1950 tc 1980, accounting for close to 
four-fifths of the growth in the world grain supply. During this 
period, when the area planted to grain expanded by 152 million 
i hectares, or some 25 percent, two spurts of rapid expansion 
occurred, (See Figufe 2-1.) During the fir.^t, from 195^^^ 
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Figure 2-1. World Harvested Area rf Cereals, 1950-80 
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cereals increased only 7 percent worldwi le. Durmg this period 
of excess production capacity, the Unite J States idled some 20 
million of its 140 million hectares (35o|million acrec^) of crop- 
land.i 

The secondjpurt occurred from 19^2 to. 1976 in response 
to poor weather and short harvest^. Sdme 50 million hectares 
were added to the world's harvestea area of cereals in tliis 
four:ycar ^riod. Overall, the area iycr^se amounted to an- 
other 7 percent, at least one-third^Jf tlic gain reflecting the 
return to production of U.S. cropland previously idled under 
government programs. A smaller shjtrc came from reducing the 
amount of land fallowed in the lihited States and thp Soviet 
Union and from. expanding the Cultivated area in Argentina, 
Brazil, Nigeria", and other developing countries.^ 
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When the food supply tightened a decade ago, the agricul- 
tural system had enough slack to allow the land planted to 
cereals to expand xjuickly. But that increase gives us no grounds 
to hope for another. Special circumstances obtained J^en: wc 
had idled cropland to. return to production. Now we* do not. 

Thinning Topsoil^ 

Just as important to food production as the amount of land 
available to produce crops is its condition. Only inches deep- 
(usually less than a fo^over much of the earth's surface, 
topsoil forms a fertile c3^et over less productive subsoils. As 
the topsoil h yer is lost, subsoil becomes part of the tillage layer, 
reducing th: soil's organic matter, nutrient content, water- 
retention capacity, aeration, and other structural characteris- 
' tics that make it ideal for plant growth. ' 

Soil erosion is a natural process, one that occurs even on land^ 
in grass or in forests. But on land that is cleared and cropped, 
erosion often accelerates. Whenever the pace of erosion ex- 
ceeds the natural rate of toil formation, what soil scientists call 
the tolerance or *T factor," the topsoil thins and eventually 
disappears, leaving only subsoil or even bare rock. New soil 
formed by natural processes commonly ranges from one to five 
tons per acre per year. Only when the soil erosion exceeds this 
docs the land begin to lose its long-term productivity. When 
the topsoil can no longer adequately support crops, the land is 
abandoned. But the gradual loss of topsoil and the slow decline 
in inherent fertility that precedes abandonment may take 
many decades. ^ 

As the worldwide demand for food mounts, cultivation is 
being so intensified on some soils that excessive erosion and a 
gradual decline in inherent soil fertility are resulting. Else- 
where, cultivation is being extended onto less productive, ero- 
sion-proiie soils. For most countries, the growing demand for 
food is internally generated, but for the United States the 
stresses on soils corne from growing food deficits worldwide 
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Within the United States, this mounting demand for food 
since mid<entury, combined cith the availability of cheap 
nitrogen fertilize!^ has led farmers to abandon traditional rota- 
tions that includifd soil building pastures and hay, in favor of 
cdnttnuous planting of corn and other row crops. As a result, 
the overall gains in grain production since mid-centur)' have 
been impressive, but the price paid in lost topsoil has been 
high. Fourteen years of data gathered at the Missouri Agricul- 
tural Experiment Station shew land planted to a corn-whcat- 
cloyer rotation losing an average of 2.7 tons of topsoil per acre 
annually through Qrosion, whereas comparable land planted 
continuously to cprn\lost 19.7 tons per acre annually.^ While 
the first loss is Well within .the tolerance range established by 
oil scientists, the latter leads to a progressive thinning of the 
topsoil layer and a steady decline in inherent land productivity. 
\ln Iowa alone, 260 million tons of soil is lost from cropland 
each year.' According.tp the Iowa State University Experiment 
'Station, that soil "simply cannot be replaced within our [ife- 
time or those of ourchildren. The eroded soil is gone, depleFing 
thc fertility of the land."^ ' " ' . 

Concern with these trends in the United States led in 1977 
to the passage of the Soil and Water Resources Conservation 
Act, which called for a detailed survey of the state of U.S. 5oils. 
Soil scientists discovered "alarmingly high" rates of erosion ,by 
water in several states.^ Tennessee, for example, was losi(fg an 
average of 14.1 tons of topsoil per acre of cropland; Missouri, 
11.4 tonV Mississippi, 10.9 tons; and Iowa, 9,9 tons. In the 
Great Plains, wind erosion was particularly severe, claiming an 
average of 14.9 tons per acre in Texas and 8.9 tons in Colorado. 

Nationally, sheet and rill Nvater erosion alone remove annu- 
ally some two. billion tons of topsoil from croplands— 1.01 
billion tons more than is formed eacWear^^ Assuming 160 tons 
peracre inch of soil and a typical topsb(l depth of 8 inches, this 
billion tons represented the loss of 781,000 acres of cropland 
equivalent per year. 
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Elsewhere in the world, the doubling of demand foi- food ^ 
over the past generation has.forced farmers onto dry and steep* 
lands, which areinherently susceptible to erosion. In the Third 
World, record rate^ population growth have forced farmers 
onto mouritain^soils, leaving them' no^time to construct ter- 
races. Once the natural cpvetjijcmoved, tlie topsoil quictl>?^ 
washes into adjacent valleys, where it silts streams, reservoits, 
and canals.. ^ I - ' 

. In Andean- Latin America, skewed land-ownership patterns 
can aggravate this problem. Wealthy ranchers, use the rela- 
tively level valley floors for catthrgrazing, fording small land- 
holders onto steep slopes /o produce subsisten^e^crops. This 
pdttern leads to severe soil erosion on the slope^whicfiSqipairs 
the productivity of both the mountainsides ana the valle^sx' 

In dryland wheat producing areas, pressures to. reduce the 
area in fallow can also sap the soil of moisture, as happened in 
the U.S. 'Grc^t Plains during the Dust Bowl years and in the^ 
Soviet Virgin Lands during the sixties. Except where land can 
be irrigated, the natural constraintS^on culti^vation under low 
rainfall conditions^ cannot be altered substantially. 

Where fallowing and otner restitutional agricultural prac- 
tices have'fallen by the way, compensatory measures can go 
only so far. In the Soviet Union, attempts to regain food 
self-suffic^iency by investing heavily in agriculture are stymied 
because soils have lost some of their inherent productivity. 
Measuring extreme degradation of croplands in terms of gully 
formation, -soil scientists at the Soil Erosion Laboratbiy at 
Moscow University have found that while only 2 percent of the 
south central Soviet Union shows severe gullying, as much as 
50 percent of the land could follow suit as efforts to intensify 
agriculture proceed."^ A parallel Soviet study of the present 
gully network in the Steppe and Forest Steppe regions in the 
European USSR found that gully formation has accelerated as 
"good lancl reserves became exhausted and sloping land began 
to be plowed/'® In an analysis of Moscow's agricultural plans. 
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Harvard University's Thane Gustafson obser\'cs that the Soviet 
Government must now reckon ^yith "50 years of neglect [that] 
have left a legacy of badly damaged soils."^ 

Even while soil erosion raises/the demand in the Soviet 
Union for fooil imports, it reduces export capacity elsewhere. 
For example, Australia is experiencing serious soil erosion as 
it responds to the growing world demand for grain exports. 
Canberra-based soil scientist C. L. Watson reports that' 
"some 50 percent of our existing agricultural and arid lands 
need ameliorative measurerfb just maintain present prodiictiv- 
ity."^o >^ " ' 

Neighboring Indonesia is falling prey to the same neglect: 
A report, from the U.S. embassy in Jakarta indicates that soil 
erosion is bringing on ah " 'ecological emergency' in Java, 
laying waste to land at an alarming rate, much faster than 
present reclamation programs can restore it."^^ Similar pres- 
sures are building in Pakistan's rainfed agricultural regions. An 
AID officer in the Punjab area reports the annual abandon- 
ment of 'several thousand hectares of cropland because of se- 
vere degradation caused by erosion. In Nepal, the country's 
rivers now annually carry 240 million cubic meters of soil to 
India, making that country the recipient of what has b:en 
described as Nepal's "most preciousyexport."^^ 

In Ethiopia, according to U.S. AID Mission reports, "There 
is an environmental nightmare unfolding before our eyes. 
... It is the result of the acts of millions of Ethiopians strug- 
gling for survival: scratching the surface of eroded land and 
eroding it, further; cutting down the trees for warmth and fuel 
and leaving the country denuded. . . . Over one billion— one 
billion— tons of topsoil flow from Ethiopian's highlands each 
year."H In South Africa^ biologist John Hanks estimates that 
the province of Natal, incorporating Kwazulu, iS losing 200 
million tons of topsoil annually. Far from complete, this 
litany of disasters merely suggests the scope and impact of soil 
erosion. A 1977 United Nations survey reported that almost 
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one-fifth of the world's cropland is now being steadily de- 
gradcd.^^ - / 

Determining the precise effect of topsoil loss on cropland 
fertility is complicated since increasing fertilizer use can dis- 
guise declining natural productivity. However, Cornell Univer- 
sity's David Pimcntel has noted three U.S. studies showing 
that, other things being equal, corn yields declin^ by an average 
of "four bushek per acre for each inch of topsoil lost from a 
base of 1 2 inches of topsoil or less."^^ 

Underscoring the gravity of the erosion threat is convincing 
evidence indicating that adopting erosion<ontrol practices is 
in most cases not cost-effectivc for the farmer. An interdisCipli- 
narv-.team of agricultural scientists studied land in southern 
Iowa where erosion was excessive and calculated the projected" 
near-term costs of erosion in terms of additional erierg>' use, 
additional fertilizer use, and reduction in yields. They found 
that the costs of reducing soil erosion to a tolerable level came 
to three times the immediate economic benefits of doing so.^^ 
Unless governments share the cost of erosion control practices, 
a typical farmer with a narrow profit margin and with land 
suffering from excessive erosion would appear to have two 
choices: adopt the costly erosion control measures needed and 
face bankruptcy in the near tcrm,*or continue with business as 
usual until .eventually the inherent productivit>'of the land falls 
to the point where it must be Jibandoned. 

Another study undertaken by three agricultural scientists in 
neighboring Illinois attempted to determine whether terracing 
on sloping lands could be economically justified from the farm- 
ers' standpoint. The team noted that 97 million acres of the 
state's cropland is sloping and that only 14 percent this acreage 
is adequately protected from erosion. After analyzing a number 
of soils common in Illinois, they concluded that "except in a 
few situations, the farmer will sacrifice income to control ero- , 
sion by constructing terraces." 

The tough choice confronting farmers in the U.S. midwest 
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must be. made the world over. Differences in economic systems 
notwithstanding, the same basic pressures on the land.are at 
work everywhere. In the interaction between the demands of 
the economic system and the tolerance of ecological systems, 
ideological boundaries count for little. 

Spreading Deserts: The Human Hand 

In semiarid regions where human and livestock populations are 
expanding at record rates, once useful land is turning to desert 
or desertlike terrain. According to reports prepared for the UN 
Conference onNDesertification in 1977, some 630 million peo- 
ple, or one person of every seven, live in arid or semiarid 
areas.20 estimated 78 million people inhabit lands rendered 
useless by erosion, dune formation, changes in vegetation, and 
salt encrustation. For this group, desertification means the 
destruction of livelihood as well as land. _ 

Agronomists who specialize in managing arid and semiarid 
croplands have long been aware of the mounting pressure on 
fragile arid soil^ and of their progressive deterioration. Not 
until /the droughts of the late sixties and early seventies in 
Sahclian Africa, however, were the social consequences of 
desertification— starvation and dislocation — painfully appar- 
ent. 

Fed by human abuses of the land— overgrazing, deforesta- 
tion, and ovcrplowing— the world's major deserts arc all gr9w- 
ing larger. As human and livestock populations increase, des- 
erts or dcsertlike conditions are spreading in Africa, the Middle 
East, Iran, Afghanistan, and northwestern India. Although its 
southward spread gets more attention, the Sahara Desert is also 
marching relentlessly northward, squeezing the populations of 
North Africa against the Mediterranean. It is also expanding 
westward into Senegal and s6utheastward into the Sudan. 
Readings taken of the Sudan in 1958 and again in 1975 indi- 
cate the southeastern Sahara annexed some 90 to 100 kilome- 
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ters during the 17-ycar pcriod.^^ Brazilian ecologist }. Va|con- 
celos Sbbrinho reports that the semiarid tip of Brazil's north- 
east-is being desertified; similar conditions are developing in 
Argentinean states of La Ripja, San Luis, and La Pampa.22 

The .desert's insidious march has a particularly long history 
in the Middle East and Western Asia. The site of many early 
human civilizations, the arid landscape of this region has suf- 
fered millenia of imprudent cropping and soil erosion. Vast 
expanses have been transformed into deserts, capable of sup- 
porting fewer people thaa-^hcy did thousands of years ago. In 
the Middle-East, even some rainfed farmlands are succumbing 
to desertification. Where cultivation has been pushed onto 
lands with extremely low and unpredictable rainfall, wide- 
spread desiccation has followed. According to Ibrahim Nahal, 
Professor of Forestry and Ecology at the University of Aleppo, 
improper cultivation in the rainfed agricultural zone of Syria, 
Jordan, and Iraq has led to a reduction in the yield of cereals, 
still the dietary staple.^^ Northwestern India is now the world's 
most densely populated arid zone, and quite possibly the dusti- 
est. By extending cropping to submarginal lands, farmers there 
and elsewhere are creating potential "dust bowls." ;^ ^ 

The food outlook for desert countries is a matter 0^ concern. 
Of 16 desert countrie^, per capita grain output has fallen over 
the past three decades in all but four.^^ Primarily by expahding 
irrigation, four countries \Jran, Libya, Senegal, and the'Sudan) 
are able to offset the effects of land degradation. Among the 
remaining 12 countries, the drop in per capita grain output in 
Algeria, Iraq, Jordan, Lebanon, Mali, and Niger was precipi- 
t6us — ^40 percent or more between 1950 and^igSo. 

While agricultural prospects and potentials differ among 
arid regions, desertification imperils food production wherever 
it occurs. It undercuts the benefits of agricultural investments 
even in countries that, judged by aggregate national statistics, 
appear to be making rapid agricultural gains. Populations in 
many arid regions have already reached the ecological danger 
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point as. the spread of desertrlike conditions makes^all too 
clear. ^ ^ ^ 

The Loss of Irrigated Land 

DO* 

irrigated lands, ^hich provide a disproportionately large share 
. of "the world's food, are also under seige. They are threatened 
both by ecological forces-j-waterlogging and salinity— and by 
economic forces that divert water to competing uses. In addi- 
tion, some land is being irrigated by so-called/* fossil \yater"— 
water frpm^aquifers that can't be ^refilled or recharged; On 
balance, the world's- irrigated acreage is still expanding since 
the area in new projectff^exceeds losses. But in some locales, 
irrigated acreage is shrinking. 

Waterlogging and, salinity occCir whenever surface water 
from rivers or streams is diverted to irrigate land, that has 
inadequate underground drainage. Increasing the natural un- 
derground water supply gradually raises the water table. When 
the table comes to within a few feet of the surface, the growth 
of deep-rooted crops is impaired. As it rises further, water 
begins to evaporate, through the remaining fev/ inches of soil, 
thereby concentrating the minerals jand salt near the surfafce. 
Eventually, the concentrated salt inhibits plant growth. From 
^ ■ an airplane, glistening white expanses of heavily salted land 
now incapable of supporting vtgetation can be seen in Iraq, 
' Pakistan, and other countries traditionally dependent on irriga- 
tion. ' . , , 

As old as irrigation itself, waterlogging and salinity helped 
undermine some of the earlier Middle Eastern civilizations. 
Although the designers of the earliest irrigation systems in the 
Tigris-Euphrates Valley did not understand sqbterrahean 'hy- 
drology well enough to prescribe corrective action, jnodern 
irrigation engineers do. Now the problemf is the costfby recent 
UN estimate, average salvage costs $650 per hectare. 

Worldwide data compiled in a 1977 UjN report indicate that 





. • Eroding the Basrof Civilization :25 

one-tenth of the world's total irrigated area is waterlogged- 
some 21 million hectares.25 The productivity of this land has 
falleniby 20 percent, and almost as much land has teen rend- 
ered less productive by salinization. Although fully half of the 
worldls/irriga'tioa capacity has been developed since 1950, 
thdse gains are already being^updermined by waterlogging and 
salinity, these modern experiences with irrigation mirror the 
experience of the early Niesopotamian civilization, though oh 
a far larger scale. In the current agronomjc literature of China, 
references to the problem abound. In the Njle. Valley, 
the more intensive irrigation made possibEbV^heAswan High 
Dam has upset the Jong-standing water balance, waterlogging 
and salting some Egyptian soils hist9ricalfy free of this prob- 
lem. Many farms in the American southwest have 'drainage 
systems that remove the salt from irrigated fields, but some of 
that unwanted salt ends up in river waters that eventually 
irrigate^ Mexican crops. 

Rehabilitating waterlogged soils takes time and prodigious 
amounts of capital-^witness the heavy Soviet investments in 
the reclamation of agricultural lands. In Pakistan, a country 
almost entirely dependent on inrigation for'food production, 
waterlogging and salinity affect the productivity of much of the 
land. In its Mona reclamation area, where irrigation began in 
i90i,^close to 90 percent of the soils were wateriogged by the 
early sixties.^^ Thanks only to heavy investments in reclama- 
tion, much of it from foreign aid, the process has been reversed. 

Besides the endemic problems irrigation is subject to, in-^ 
creasing urban and industrial demands for water in arid areas 
threaten the future of irrigated agriculture. Two cases in point 
are the Soviet Union's south central regioh and the U.S. Great 
Plains and^sbuthwest. Soviet efforts to regain food self-suffi- 
ciency rest fieavily on attempts to^exparid irrigation, but ambi- 
tious plans "and heavy capital commitments may fly in the face 
of reality if the water shortages predicted for the southern half 
of the country materialize. In Arizona the irrigated area in 
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agriculturally important Maricopa County is shrinking steadily 
2S Water is diverted to the rapidly expanding Phoenix metroipwl- 
itan area; Between the. late fifties and tfie early seventies, the 
irrigatccl area fell from 224,000 to 177,900 hectares.^^ But 
even with reduced agricultural demands, groundwater Tevels 
have been dropping by some 10 to 20 feet per year. 

California has similar problems, Ihough on a larger scale. As 
a result of Los Angeles' thirst, inrigated valleys that were once 
lush green have now turned to dusty fciown. Fields once among 
the most productive in the world have been abandoned. How- 
ever wasteful and illogical, urban claims nearly always take 
precedence over fami demands for water, either because of 
economics, politics, or both. 

In the southern Great Plains of the United States, irrigated 
agriculture is threatened by t^e depletion of the vast Ogallala 
aquifer, .the waierbearing stratum which underlies the western 
plains from Nebraska south to Texas. The land atop this 
aquifer accounts for much of the growth in U.S. irrigated 
acreage since 1945. Many of the country's largest beef fecdlots 
developed here because of a^unique combination — a dry cli- , 
m^tcand plentiful supplies of grain sorghum, C9rn, and alfalfa 
grown on irrigated land. Unfortunately, the Ogallala aquifer is 
essentially nonrechargeable, so extensive irrigation in parts of 
Nebraska, Kansas, Colorado, Oklahoma, Texa^, and New Mex- 
ico >vill be a relatively short-lived affair. A USDA study of '32 
counties in the Texas panhandle estimates that by 1995 fuel 
price increases and water-table depletion will eliminate irriga- 
tion entirely in these countries, forcing a return to dryland 
farming.^® 

In the western United States, efforts to develop the. exten- 
sive coal and.oil-^liale resources will divert still more water from ' 
agriculture. A Resources for the Future study of this region by 
Helen Ingram and her colleagues concludes that "water de- 
mands for energy dovelopment compound urban pressures 
upon irrigated agriculture. Every recipe for energy develop- 
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mcnt has add water' in its inslructions/'29 bgrr^m's analysis 
indicates that "a coaj gasification plant in New Mexico or 
•Arizona processing 24 million tons of coal per year to meet the 
energy needs of a million people would use abouti^oo.ooo 
acre-feet of water per year. A 10,000 megawatt coal-fired ther- 
mal electric power plant in the four corners region requires 
about 230,000 acre-feet of water per year." 

While waterlogging and salinity have long been undermin- 
ing irrigated land, the wholesale diversion of water from agri- 
culture to cities and industries is more recent. It promises to 
become an even more hotly contested issue. In a Science article 
assessing the worid food prospect, Neal Jensen of Cornell Uni- 
versity predicted that "western U.S. irrigated agriculture faces 
gradual elimination as the pressures for higher priority water 
needs become more evident."'^ Even now, each new diversion 
of water from agriculture to other uses adds to the upward 
pressure on food prices. 

Conversion of Cropland to Nonfarm Uses 

Agriculture's principal competition for land comes from urban 
expansion, village expansion, energy production, and highway 
construction. In the United States, the world's leading food 
producer, nearly a million acres of prime cropland were con- 
verted to nonfarm uses each year between 1967 and ig-j-j.^^ 
In the extreme case of Florida, source of half of the world's 
grapefruit and a quarter of its oranges, all the prime farmland 
will be put to other uses by the end of the century if the trend 
continues. In Virgina, 24 percent of the prime cropland would 
be lost; in California, 16 percent.^^ 

Rural states are also feeling the squeeze. According to Allen 
Hidlebaugh of the National Agricultural Lands Study staff, 
"Even in America's agridultural heartland— the corn belt 
states— there is cause for concern. We anticipate a total 3-2 
million acre prime farmland loss in Iowa, Illinois, Indiana, 
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Ohio, and iMissourf combined. If present trends continue io 
the year zcxx), the annua! loss will equal 486 million bushels 
of com — at $2.50 a bushel, a permanent loss of $i billion^a 
year, every year, by the century s end."^^ 

Data on changing land use elsewhere confirm that the 
growth of cities is a leading source of cropland loss. A study of 
urban encroachment on Europe's grazing lands and croplands 
from i960 to 1970 found that West Germany lost i percent 
of its agricultural land every four years. For Frarrce and the 
United Kingdom, it was nearly 2 percent for the decade.^^ For 
the Third World, information on land lost to rapid urbaniza- 
tion is sketchier. But UN demographers expect the world's 
urban population to^expand from i.8i billion in 1980 to 3.16 
billion in 20 years.^^ If this projected increase created a need 
of only .04 hectares per pcrson^Hhen the world's cities would 
occupy an additional 54 million hectares of land by 2000. If 40 
percent of this total is converted cropland,! cities would con- 
sume an area equal to the cultivated area of France.^^ 

Although this projected loss would amount to less than 2 
percLit of thQ world cropland, the impact oh world food out- 
put is likely to be greater since cities are situated on the most 
fertile soils. A study of changing land-use patterns in Canada 
reports that "half of the farmland lost to urban expansion is 
coming from the best one-twentieth of our farmland."^^ But 
even if the best doesn't go first, the worldwide loss of 25 million 
hectares will mean the loss of enough food to feed some 84 
million people. 

Even outside of cities, habitats claim farmland. In the Third 
World, village growth extends into.agricultural fields. Analyz- 
ing village growth in his native Bangladesh, Akef Quazi con> 
dudes that the amount of land occupied by the village corre- 
late? closely with the number of families in the village, in part 
because homes are "made of locally available materials, such as 
bamboo, thatch, and corrugated iron sheets, and, as such, are 
never strong enough to hold an upper story/'^® 
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Bangladesh's problem is also India's. Living space require- 
ments of the 14 million Indians added to the population each 
year are at least partly met by homes built on cropland sur- 
rounding the nation's citiesjand 600,000 villages.^^ Purther 
east, China is also losing cropland to cities and industry. USDA 
China specialist Alva Erisman reports that "water control pro- 
jects, urban growth, and the appropriation of agricultural land 
for roads, railroads, airfields, industrial plants, and military uses 
has removed good farmland from cultivation.''^^ Dwight Per- 
kins, China scholar at Harvard, malces the same point, noting 
that'the 10 percent growth in modern industry has been partly 
at the expense of agricultural lands .next to the city limits, 
jjg/here mo^.t^factorics spring up.**^ 

Rivaling urbanization as a claimant on cropland is energy 
production. Hydroelectric dams can inundate vast stretches of 
rich bottomland, even as they add to the irrigated area. An 
electric generating plant can cove^ hundreds of hectares. More 
often than not, oil refineries and storage tanks are built on 
prime farmland along rivers and coastal plains. 

Stripmining coal also reduces the cultivated area. Indeed, as 
the world turns from oil to coal, energy producers are coming 
into conflict with food producers. In the United States, where 
coal production is projected to climb steadily, some of the most 
accessible reserves of coal are by an accident of geography^ 
directly beneath some of the nation's finest farmland. 

A pui)lic interest group study entitled "Who's Mining the 
Farm?" reports tKat '*asof 1976,81,981 hectares In 40 Illinois 
counties have been affected by surface and deep mining of 
coal."-*^ In Congressional testimony, the zoning administrator 
of Knox County, Illinois, indicated that stripmining threat- 
ened 284,000 acres^of farmland in his x:ounty alone.^^ Given 
the rich extensive resources of coal close to the surface in 
Illinois, the potential for disrupting fo^ production in the 
heart of the corn belt appears great. 
Where stripmining is already in full swing, hope lies in 
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revitalizing ravaged agricultural lands. But while mining com- 
panies are now required by law to restore land to its original 
productive state, doing so may be impossible in many situa- 
tions. In 1977, ySDA reported that "surface mining as prac- 
ticed in much of the nation/today either ruins farmland com- 
pletely or reduces its production drastically/'^ Eager to 
convince the public that stripmining does not jeopardize farm- 
land, coal companies and utilities have bunched advertising 
campaigns aimed at deflecting attention from key issues. Jack 
Doyle of the Environmental Policy Center observes that 
"while coal companies and utilities are eager to show that 
stripmined farmland can be returned to agricultural use, they 
fail to address thrquestion of yield. Will 'reclaimed' cropland 
and rangeland be able to yield what they did before mining — 
bushel-for-bushel and pound-for-pound?"^^ Even if the topsoil 
is carefully pushed aside before raining to be replaced after- 
wards, reinstating subsoil-drainage patterns is no easy matter. 

If estimates of future cropland losses to urbanization are 
difficult to make, those of losses to the energy sector are even 
more so. But with or without hard statistics, we can see that 
to conserve energy is to conserve cropland. One offense to this 
obvious bit of wiscl »m is the automobile-centered transporta- 
tion system that so voraciously consumes land. An enormous 
amount of U.S. cropland has been paved over for automobiles, 
millions of hectares of it just for parking spaces for the nation's 
143 million licensed motor vehicles. But even this area pales 
in size when compared to that covered by ?Jtreets, highways, 
filling stations, and other vehicle-service facilities. Added to 
auto-induced urban sprawl, these fixtures came at a high price, 
^onc too often paid at the supermarket. 

How much cropland will be paved over, built on, strip- 
mined, or flooded over in the remainder of this century is 
unknown, bulif the projected growth in population and in- 
come should materialize, then urbanization, energy produc- 
tion, and transportation are certain to continue to encroach 
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Upon cropland. The threat posed by this continuing conversion 
of cropland to nonfarm uses is hard to exaggerate. As former 
U.S. Assistant Secretary of Agriculture M. Rupert Cutler ob- 
serves, ''When farmland goes, food goes. Asphalt is the land's ^ 
V ^ bst crop."^^ V « 

The Cropland 'Prospect 

o 

The adequacy.of the future cropland base will be. influenced by 
numerous trends and forces, many of which will offset each 
other. All the trends discussed abovc^ropland conversion to 
.nonfarm uses, excessive soil erosion, the addition of newland 
to the cropland base, the irrigation of ncw^ahd, the^diversion 
of irrigation water to nonfarm use, and the rate of cropland 
desertification and of desert reclamation— will interact and 

""^^ take their toll. 

With most of the world's good agricultural land already 
under the plow, the potential for expanding cropland provides 
little ground for optimism. In North America, the conversion 
of cropland to nonfarm uses over the past three decades has 
been only partly offset by the reclamation of new land through 
irrigation projects or forest clcarance.^^ In the absence of a 
concerted national effort to protect cropland from conversion 
to other uses, this net reduction in the cropland base may well 
continue. 

In Western Europe, opportunities for developing new lands 
are negligible, while Eastern Europe has been hard pressed just 
to maintain its cultivated area over the last 15 yca^- I" '^^c 
Soviet Union, where farming has.alrcady been extend^ into 
marginal rjinfall areas, further expansion will be limit<H|. 

In der^cly populated Asia, China has little unused land to 
bring under cultivation. Given China's already extensive irriga- 
tion works, the opportunities for multiple cropping more land 
are also limited. India's cropland base is expected to increase 
little, if at all, but multiple cropping could increase markedly 
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if the full irrigation potential of the Gangetic Plain is devel- 
oi>ed. The one Asian region that could sustain increases both 
in cropland area and multiple cropping is the Melcong Valley 
and Delta, assuming political conditions permit its develop- 
ment. , 

In Africa,' the one country with a'healthy potential for ex- 
panding its cropland is the Sudan, since it has developed only 
part of the Nile waters reserved to it by treaty with Egypt. To 
the south the principal hope for more farmland lies in opening 
the Tsetse Fly, belt to cultivation, provided that the disease- 
carrying, fly can be eradicated. 

In Latin America, croplands could be created by plowing up 
som^ grasslands, though doing so would reduce gracing capac- 
ity. In central Brazil, a belt of land— the Cerrado— bordering 
the soutliernnipst regions of the Amazonian forest is now being 
brought imder cultivation, though its inherent fertility is not 
exceptionally high. Within the Amazon basin^ numerous iso- 
lated pockets of potentially productive cropland await develop- 
ment, but the investment in infrastructure required to exploit 
them could prove prohibitive. In 1970, Brazil launched with 
great fanfare the Transaniazon Highway and an accompanying 
colonization scheme. The goal was to settle a million families 
along the highway by 1980, most of tlieni from tlie drought- 
stricken, poverty-ridden northeast. As of 1980, only 7,000 
families have been successfully settled, the government is phas- 
ing oiit its colonization scheme, and there are doubts that the 
highway will be completed.'*^ Crop insects and disease, deteri- 
orating soils, and costly road maintenance are contributing to 
the project's demise. 

Alt)iough attempts to expand the globe's cultivated area will 
be numerous, both government efforts and the initiatives of 
individual farmers will be offset by ecological backsliding. Well 
before the end of the rcntury, for example, the topsoil will be 
gone from recently opened hillside plots in the Andes, the 
highlands of east Africa, and the foothills and rugged valleys 
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of , the Himalayas, and these lands will have been abandoned. 

If comprehensive worldwide data were available on excessive 

^ soil erosion from cropland, and if this vyere then converted into 

cropland equivalent as was done earlier for the United States, 

^ it would likely show; the loss of several million acres yearly. 
Although land^'hunger has never been greater, the amount 
of cropland abandoned each year as economic pressures inter- 
act with ecological forces may also be at a record high. On 
balance, ft is difficult to envisage an increase in the cropland 

^ base of much more than' lo percent by century's end. With 
projected population increases, this modest increase would 
leave us in the year 2000 with only .13 hectares of cereaPland ' 
per person^ well below the .17 hectares we each now have. (See 
Table 2-1.) 

While 'the cfopland base is likely to expand modestly over 
.the next two decades, its inherent productivity seems certain 
to decline as a result of excessive erosion and marginal land 
additions. In most cases these losses will not be large enough 
to prevent future Increases in yield per hectare, but they will 
slow the rate of gain. Satisfying the two-thirds increase in world 
food demand projected by the United Nations for the remain- 
der of this century would require land productivity to acceler- 
>- ate sharply. 

Responding effectively to the cropland threats that are as- 
sociated with mounting food demands poses a dilemma for 

Table 2-!. World Population and Area in Cereals, 1950 and 1980, 
with Projections to 2000 



Year 


Population 


Area hi 
Cereals 


Area Per 
Person 






(iinllioii 






(billiODS) 


hectares) 


(hectares) 


1950 




601 




1980 




758 




2000 


6 20 


828 





Source biiitcd \jtiuiis, U S Dcpjrtinciit of .\gricuhurc. and author's projcchoiis 
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farmers and governmental planners alike. Both economic pres- 
sures and political instincte encourage a short-term focus but 
pressures to wring too^much out of the land in the short run 
can destroy it over the long run. Preserving civilization's foun- 
dation requires redoubled efForts to protect cropland from ero- 
sion and from conversion to rionfarnj uses. Staggering as the 
challenge m^y seem', countries have pulled back from disaster's 
edge before. In the United States, an earlier generation over- 
came the Dust Bowl threat, arid China's longest march may 
have been on the ro^d to agricultural recovery since 1949, 
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_n the modem world it is easy to forget how dependent our 
ecxmomy is on its forests, grasslands, and fisheries. Although 
these natural systems provide food, feed, fuel, and a broad array 
of industrial raw materials, few economists think about the 
economy's biological underpinnings. The economist's desk 
may be piled high with references containing the latest statisti- 
cal indicators on the health of the economy, but rare indeed 
is the reference in economic analysis to the health of the 
biological systems that support the economy. 

This lapse is a serious one, for much is at stake. As the global 
economy expanded by sbme 4 percent per year during the 
decades following World War II, pressures on forests, grass- 
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lands, and fisheries began to mount, jn many cases to unsus- 
tainable levels. OncejheJevel of demand breaches the thresh- 
old of sustainability, additional demand can be satisfied only by 
consuming the productive resource base itself. In. economic 
terms, this is the equivalent of consuming capital along with 
interest. When this happens, fisheries coliapae, forests disap- 
pear, and grasslands become barren wastelands. Economic 
crfses arise almost overnight. 

Deforesting the Earth 

We need only look about us to see the pervasive role of forest 
products in our lives. We use wood for lumber, fuel, and 
Miianufacturing. For the world's burgeoning white-collar labor 
force, paper is the essential feedstock. The world over, wood 
and wood products are used to construct buildings, to make 
furniture, to manufacture paper, plywood, fiberboard, and nu- 
merous other products. 

In many Third World countries, wood is also the principal 
energy source. Surveys undertaken in Tanzania, Thailand, and 
elsewhere show village firewood consumption ranging from one 
to two tons per person annually. With an estimated 40 percent 
of the world's populatictn using wood as the primary fuel, the 
drain on the world's forests is immense. 

The demand for forest products expands at least as rapidly 
as world population. For housing, lumber demand reflects the 
size of world population, its annual increase, and the level of 
affluence. Each year some of the world's housing must be 
replaced as it ages and deteriorates, and each year 70 million 
additional people need housing. Together, these needs levy an 
ever growiogxlaim on the world's forests. 

The demand for forest products is on the rise everywhere. 
Where demand has come to exceed the sustainable yield of 
local forests, imports have risen or deforestation has occurred 
At mid-century, roughly one quarter of the earth's land surface 
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wasicovered by forests. By .1980 it wa^Tess than one-fifth.^ (See 
Table Each year the earth's inhabitants, al^users of wood 
products in one form or another, increase by the.equivalent of 
the population of Mexico and Central America combinwl^^nd 
each .year the forested area shrinks by an arcai 'the-siz#io£^,^ 
Hungary.^ 

Of the world's remaining closed forests (those with more 
than 20 percent tree cover), half are located in Latin Ainerica 
and the Soviet Union, each of which has 680 million hectares, 
or roughly alfuarter of -the world total. Most of the rest are in 
North America and Asia. While Africa's share of the remain- 
ing closed forest is only 6 percent, it does contain large ar:eas 
of- open forest— f combination of grass and trees where the 
latter cover less than 20 percent of the land area. 

Although the economic role of forests is obvious, their eco- 
logidal role is less well known. Among other functions, forests 
retain rainfall and permit it to percolate downward to recharge 
underground aquifers. When forest cover is stripped away, rain 
water riiqs off quickly instead of sinking in, so water tables fall 
and^streamflows fluctuate unpredictably. The rapid runoff in 

Tabic '3-1. The World's Forested Area by Region, Mid Sevenlies , 

Closed Forest 
Closed <is Share of 
Forest Land Area 



Rcijioji ] 



Lih'ii America 
.USSR 

North America 

Asiu 

Africa 

Europe * 

Oceania 

World Total 



(million 
hectares) 

680 
680 
470 
410 
19OV 

.38 

• 89 

2,657 



(percent) 



13 
30 

'25 
15 

6 

28 
> 10 

20 



Source Global 2(xx, Ryfyort and IU-kKu Pcrsson. "Need for J Continuous Assess- 
ment " 
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bm leads to soil erosion, which contributes to the sedimenta? 
tion of streams and reservoirs. Combined, the effects of heavier 
runoff and rivers* reduced water-carrying capacity create floods 
and; swell rivers sp that they cut pew channels through the 
countryside. * 

Born of deforestation in thl^ Himalayas, flocnds in Pakistan, 
India, and Bangladesh are increasing in both frequency dnd 
severity. In 1973, Pakistan experienced a ^ood, the worst in^its 
history, that destroyed much of the spring wheat crop in village 
storage as well as the standing crop in some areas. In 1974, 
extensive flooding in Bangladesh partly caused'by progressive 
deforestation in the Ncpalese and eastcrn^i^ndian watersheds ^ 
sharply reduced the rice harvest, and the^^^nsuing famine 
claimed a .third of a million lives.? \^ 

In Novcmbi^r of 1978, a two-day rain led to enormous, de- 
struction in India. The World Environment Report, which 
inked the flood to deforestation, tabulated damages as '^5^7 12 
villages flooded, more than 2,000 drowned, 40,000. cattle 
washed^ay, and uncounted thousands of houses destroyed."'* 
The crops^lqst in the two states of Uttar Pradesli and West 
Bengal were worth $750 million. In September of 1980, India 
was again hit by devastating floods. This time 978 people died ^ 
in flood-relat<Jd deaths. ^ 

Hundreds of hydroelectric and irrigaiibn reservoirs repre- 
senting enormous investments arc now losing capacity as 
deforestation takes its toll on the watersheds that feed them. 
Typical of these is the Ambuklao/Dam in the Philippines. 
According to an Agency for International Development report, 
"The cutting of timber and the subsequent loss of water reten- 
tion capacity of land surrounding the rjeservoir has resulted in 
massive silting of the reservoir, reducing its useful life from 60 
' to 32 years. "6 Another reservoir is in Cerron Grande in El 
Salvador. There, a ^100 million capital commitment in a hy- 
droelectric power project was based on a projected life expect- 
ancy of 100 years.^ But as the watershed was deforested and 
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as steep sbpes were.cleared for cultivation, erosion accelerated, 
deducing the reservoir's life expectancy to only 25 years. ^ 

The Panama Canal is also falling prey to the same fofces> 
Because of the strategic role of the Canala^tride the world's 
shippmgtroutes, most ships in the^ world fleet were built to 

. negotiate its passage. Byt the-Qanal watershed is now being 
altered as timber is cut, larid:deared for food crops, and forests 
opened up f9r'^Xmg./f recent siltation rates continue with- 
out r/edre^^ the' capacity of the Canal to handle shipping will 
bcrgr^tly reduced by the end olf the century, and taking the 

-Shortcut that saves 10,000 miles will become the privilege of 

''^ small craft. 

While the world's aggregate forested area is shrinking, the 
losses have not been evenly distributed. In industrial Europe, 
North America, and Japan, the area in forest has stabilized. But 
this stability has been purchased in part from tropical coun- 
tries, which are exporting wood in record volume. As forests 
continue to shrink, Third World countries will eventually be 
forced to restrict cutting. Then, importing countries will face 
difficult adjustments in the form of higher prices or rationing. 

Even within some countries, the extent of deforestation 
varies by region. In the Soviet Union, for instance, tKe demand 
for wood has led to extensive deforestation in the European 
USSR, while vast forests, in Siberia and other less accessible 
regions remain intact, even underutilized. 

Like its effects, the causes of deforestation are numerous. 
Among them, efforts to expand crop and livestock, production 
stand out In Central America and Brazil, forest land is being 
cleared for grazing purposes, largely to produce beef destined 
for export. The cost of this conversion is high, particularly since 
tropical soils may not sustain grass for long. 

In many ^Third World countries, firewood collection is a 
leading source of deforestation. In some cases, commercial' 
' timber harvesting by multinational companies that engage in 
clearcutting undermines the forest's reproductive system. 
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Whatever its cause, unchecked deforestation threa^ns to un- 
dermine the global economy at its ecological roots. Nor is it an 
easy problem for. governments to deal with^^Erik Eckholm 
summarized the situation in a Worldwatch Paper on reforesta- 
tion: "Usually uncontrolled deforestation is a symptom of soci- 
ety's inability to get, a grip on other fundamental development 
problems: agricultural stagnation, grossly unequal land terture, 
rising.unemplayment, rapid population growth, and the in- 
capacity to regulate private enterprise ^to protect the public 
interest/'^ . ' ^ 

Deep Trouble in Oceanic Fisheries 

Perhaps nothing better reflects the growing human appetite for 
.protein since mid-century than the- spectacular growth in the 
world's fish catch between 1950 and 1970. During this period; 
the catch more than tripled, expanding by some 5 percent 
yearly.i^ By 1970 the world catch totaled 68 million tons, 
including the inland fresh water catch and fish-farming, which 
together accounted for a tenth or more of the total Through- 
out this period, the world's fisheries supplied more meat for 
human consumption than did its cattle herds. 
. Worldwide, the catch averaged 18 kilograms (fresh weight) 
per person in 1970, thotigli people in some affluent industrial 
countries (such as Japan, Iceland, and Norway) were consum- 
ing ea^^ly twice the global per capita average while some land- 
locked fhird_World countries had fishless diets.^^ As popula- 
tion pressures built up in Japan l)eginning three generations 
ago, the Japanese set aside their limited arable lands for grain 
prcxluction and turned to the oceans for animal protein. 
Hence, their famous "fish and rice" dfet was born. Similarly, 
the Soviet Union, faced with difficulties in expanding livestock 
output, turned to the oceans during the fifties for high quality 
protein. As a result, Soviet fish consumption per person is now 
double that in North America. 
/ 
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Not all pf the world's fish catch is consumed direcdy. Live- 
stock, principally hogs andjpoultry, consum? part of the fish 
catch as protein meal (See Table 3-2.) Most species reserved 
ior pigs, chickens,, and other livestock are those that people 
don't relish, such as anchovies— but at some point livestock 
and people begin to compete for fish. Between 1950 and 1970, 
the share of the catch used for fishmeal increased from. one- 
sixth to over one-third, a high point that coincided with the 
peak of the anchovy catch. Since 197^ the world fish catch 
appears to be leveling off at just over 50 million tons for food' 
and^some 21 million tons for fishmeal. 

Ove;fishing has become the rule, not the exception, in oce- 
anic fisheries, but it is often discovered after the fact— when 
the catch in a given fishery begins to decline precipitously. In 
^the northwest Atlantic, the catch of cod, haddock, halibut, 
herring, and other much-savored species peaked in the late 



Table 3-2. World Fish Catch, Food and Nonfood Uses, 1950-79 
Year Food Fish Meal Total 
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sixties. The catch of each has dropped substantially since then, 
with declines ranging from 40 percent for herring to over 90 
percent for halibut. Fishing grounds in the northeast Atlantic, 
Europe's long-time source, of fable fish, are faring no better. 
According to British marine biologist D.H. Gushing, extensive 
overfishing has reduced the catch below the maximum sustain- 
able yield in 27 of the region's 30 fisheries.^^ 

Recently, overfishing has become commonplace in the wa- 
ters^gf the Southern Hemisphere too. Abetted by a shift in the 
Humboldt current, overfishing led to a collapse of Peru's 
coastal anchovy fishery during the early seventies. The catch 
fellvprecipitously from a peak of 12 million tons tc5 2 million, 
where it has remained into the eighties.^^ The same pattern 
of rapid growth, overfishing, and abrupt decline also took hold 
in the Gulf of Thailand in the mid-seventies. Now some fisher- 
ies off China's coast have begun to decline as welU^ 

Oceanic fisheries ?^Ygrywhcre have, been plagued by the lack 
of central and effective management. Early efforts by the inter- 
national community to create an intetiiational body with au- 
thority to manage fisheries failed. Instead, with the evolution 
of the concept of Exclusive Economic Zones came the exten- 
sion by coasbl states of offshore limits from the traditional 3 
to 12 miles to 200 miles. *T^is move to extend jurisdiction, a 
potential solution to the fisheries' problem, quickly acquired a 
momentum of its own. In 1969, a UN Food and Agriculture 
Organization (FAO) survey of 102 coastal states indicates only 
15 nations claimed limits beyond 12 miles.^^ A decade later, 
a survey of 132 coastal states showed that 93 clamed jurisdic- 
tion beyond 12 miles, 78 of them claiming limits of 200 miles. 
By FAO estimates, some 99 perocfft of the world seafood catch 
is taken within 200 miles of land. 

Under the doctrine of Exclusive Economic Zones, countries 
with technologically advanced fishing fleets lose their long-held 
advantage over coastal states. In 1979, the overall catch was 
essentially unchanged froni.1978, but the Japanese fleet's catch 
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fell by 7 percent while the Soviet. Union s fell by 4 percent, 
Within the European Economic Community, all countries 
except the Netherlands suffered a net decline. 

In addition to overfishing, fisheries are also threatened by 
pollufion. The U.S. government's Clobal 2000 Report notes 
thatVhile attention focuses on oil spills or the discharge of 
toxic^ metals, the more important effects "stem from largely 
unnoticed and undetected chronic, low-level pollution."^® Be- - 
cause the discharge of most pollutants into oceans does not 
generate public, outcry, most.people 'consider the oceans as an 
important resource to be utilized in disposing of the wastes of 
man.''^^ But even if this view were morally defensible, it does 
not hold up scientifically; tlie pollutants that initially threaten 
marine life will ultimately threaten human life. 

Pollution is already eroding seafood stocks. In its 1979 re- 
port, the U.S. Council on Environmental Quality drew atten- 
tion to the deterioration of the Chesapeake Bay, the country's 
largest estuary and one of the world's richest. There, in recent 
years the catch of oysters, shad, striped bass, and other prized 
sources of seafood has fallen off precipitously. In France, 
prime oyster beds face extinction. In 1979, the Arcachon Bay 
off the Bordeaux coast failed to produce new oysters for the 
third successive year,^^ Since oysters need four years to mature, 
another year of failure could spell an end to this French culi- 
nary delight. 

Other pollution-riddled areas include the Black and Azov 
Seas, which are surrounded by the Soviet Union, Turkey, Ru- 
mania, and Bulgaria. Dr. David Tolmazin, formef head of the 
Marine Economy Department of the Ukranian Academy of 
Sciences in Odessa, writes that ''the fishing industry of the 
Black and Azov Seas has suffered a disastrous decline over the 
past 20 years. The two sea basins once contained a large stock 
of valuable fish, but they are'almost lifeless."^? The original 
stock of some 50,000 to 100,000 tons of Black Sea mackerel 
has disappeared. At fault arc the reduction of fresh water flow 
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and the pollutants being dumped into the local rivers that feed 
the two. seas. 

Some hope for offsetting these declines rests in the potential 
for establishing new fisheries based on untraditional species 
such as kapfelin and sprat in the northern Atlantic and pollock 
in the northern Pacific, Another possibility is making fuller use 
of underfisbed species. The blue whiting, the lantern fish, and 
squid are not fully exploited, for example, partly because of 
limited consumer appeal. Krill is another seldom-eaten, though 
abundant species that could become commercially important. 
The principal constraints on the development of krill— a small, 
shrimp-like Antarctic crustacean — are that it must be pro- 
cessed quickly and that it is found far from the world's popula- 
tion centers. Means mi|st also be found to convert it into a 
palatable, commercially attractive product. In a 1979 report, 
the FAO noted that while "commercial pressures have already 
resulted in the development of methods for harvesting and 
processing krill . . . prospects for a mass market for krill pro- 
ducts must be considered still some time away."^^ 

While the nonfood portion of the world catch was dropping 
in the early seventies as the' Peruvian anchovy fishery was 
collapsing, the food portioji of the catch continued to show 
modest growth. As of the late seventies, however, the catch of 
traditional food species also appears to have leveled off, damp- 
ening the prospect for future increases. Whatever this drop 
portends, keeping fish on the menu will require disciplined 
management aimed at preveiiiing overfishing and reducing 
marine pollution, particularly in coastal estuaries and inland 
streams where fish spawn. 

Ever since scidfice fiction writer Jules Verne first enticed the 
popular imagination into the deep sea, the expectation has 
been that when land-based food supplies became inadequate, 
food could be found or farmed in the ocean.s. But now, as U.S. 
National Marine Fishery Service specialist Carl Sindermann 
puts it, we must "sort out the myths from the realities. The 
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sorting process can be a sobering experience, particularly for 
those who feel that somehow if famine stalks the land, the seas 
will provide."^^ - 

Grasslands for Three Billion Ruminants 

Once the plow has run its course, roost of the unforestcd land 
thai remains is good for grazing only. ^Almost without exccp- 
, tion, agricultural land too dry or too steeply sloping to sustain ^ 
.cultivation is used to support liv^tock. Roughly double thc,^ 
area in crops^the 23 percent of the earth's land surface (3.1 . 
billion hectares) devoted to this purpose supports nearly three 
billion domesticated ruminants.^^ Beef and dairy cattle to-..^ 
gcther total some 1.21 billion whijc water buffalo, the other 
large ruminant; total 131 million, the small ruminants-arc 
dominated by some 1.03 billion sheep and 410 million goats. . 
Of these two equal-sized groups, the large ruminants arc far " - 
more important economically for the world as a whole. Only 
in the ^Mediterranean region and in New Zealand do the 
smaller ruminants dominate the livestock industry. 
. Ruminants play an indispensable role in the world economy. 
Unlike pigs, chickens, and people, whose diets consist primarily 
of cereals and other concentrated food, ruminants are 
equipped .to digest roughage and to convert it into forms people 
can use. In underlining the unique digestive capacity of rumi- 
nants to convert cellulose, livestock specialist Harlow ). Hodg- 
son points out that cellulose is the world's most abundant 
: organic compound.^^ Capable of subsisting .solely on grasses, 
or even on foliage from shrubs and trees, livestock provide food 
in the form of meat, milk, cheese, and butter. They also supply 
other essential commodities— fuel, fertilizer, and industrial raw * 
materials such as leather, wool, and tallow. For hundreds of 
milHons of Third Worid villagers living in deforested areas, 
cow dung has become the chief cooking fuel, while an es- 
timatcd'40 percent of the world's farmers use cattle manure as 
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fcrtilizcr.^^ Tlic world's leather goods and footwear industries 
depend heavily on leather, and wool remains one of the world's 
high-quality textile fibers, modem synthetic fibers notwith- 
standing. In addition, close to one third of the world's cropland 
is tilled by draft animals who subsist almost entirely on for- 
age.^® 

For sustenance, runu'nants depend only in small part upon 
grain. Even in the United States, where fecdiots are quite 
common, forage still amounts to 82 percent of all feed units 
consumed by beef cattle, 6^ percent of the total consumed by . 
dairy cattle, and 89 percent of that consumed by sheep and 
goats.29 Elsewhere, the share of roughage in the ruminant diet 
-is much higher. In India, for example, only 3 percent of the 
grain harvest goes to feed livcstock.^^ 

In many parts of the world, livestock, specifically ruminants, 
still dominate local economic activity. The national economies 
of Uruguay and NcwZealand^for example, depend heavily on 
the livestock iiidustry.^^ In parts of Africa, the nomadic popu- 
lations still derive their livelihood almost entirely from their 
flocks and herds. Likewise, in the. United States, beef cattle 
represent the leading source of farm income in some 21 states, 

while in nine other states the sale of dairy products tops the 
list.^2 

The relationship of national economics to livestock produc- 
tion underscores another economic fact of. life: the 3.1 billion 
hectares of grass and rangeland used to support livestock is 
essentially a fixed resource. Ingenious farmers can sometimes 
raise the productivity of grasslands, and short-sighted ones 
reduce it through mismanagement, but the resource base itself 
cannot be appreciably expanded. Of the total grassland area, 
only some 8 percent has been improved, usually by rcseeding 
with introduced varieties.^^ Occasionally, in such high rainfall 
areas as New Zealand or the United Kingdom, extensive appli- 
cation of fertilizer boosts grassland productivity. 

From early Biblical days until recently, livestock numbers 

i 
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have grown along with human population. After World War y ^; 
II, population growth interacting with rising incomes led to a 
vast increase in the demand for livestock products. Between 
- 1950 and 1975, world beef consumption doubled.^^ Now, the 
expansion of herds and flocks .is overtaxing the earth's grass- 
lands, making it impossible for them to continue to expand ^ 
apape with human numbers. 

Pressure on grasslands may be most acute in the Biblical 
lands of the Middle East, where populations are now multiply- 
ing ^t record rates. Forage specialists figure that the rangelands 
of northern Irag can safely sustain only 250,000 sheep without ^ 
degradation— a far cry from the million or so currently eating • 
away this resource base.^^ Likewise, Syria's ranges are currently 
carrying triple the number of grazing animals they can support 
over the long term. In the initial stage of suth degradation, 
inferior plant species replace more useful varieties. Then, goats 
and camels take over pastures abandoned by sheep. Finally, as 
Syrian ccologist Ibrahim Nahal observes, "In the advanced 
. stage of deterioration, the plant cover disappears as is apparent 
in many of the steppe zones in Syria, Jordan, Iraq, and the 
United Arab Emirates, where the rangelands have turned into 
semi-deserts covered with a layer of gravel or into semi-sand 
dcscrts.''^^ A similar situation exists in Iran, where much of the 
vegetation has been destroyed by centuries of overgrazing In 
the not-too-distant future, Iran's oil will be gone and so too will 
its grasslands, a far older source of national wealth. 

Grassland degradation is rtot limited to areas of ancient 
settlement, as recent analyses of U.S. grazing lands show Re- 
porting in 1975 on the 163 million acres of range it manages, 
the Bureau of Land Management (BLM) found half the area 
to be in only ''fair" condition— meaning that the more valu- 
able forage species had been depicted and replaced by less 
palatable plants or by bare ground.^'^ Another 28 percent was 
in "poor" condition, stripped of much of its topsoil and vegeta- 
tive cover, it produced only a fraction of its forage potential 
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Five percent of all BLM-controlled land was deemed in "bad" 
.condition: with, most of its topsoil gone, it could support only 
a smattering of low-value plants. The 50 million acres of land 
in ''poor*' or "bad" condition, an area equal, to that of the state 
of Utah, was damaged primarily by overgrazing.. 

One of 'the most dramatic and socially disruptive example: 
of desertification in the United States is that of the^huge 
Navajo Indian reservation in northern Arizona and New Mex- 
ico. In one zone that range specialists calculated could safely 
support 16,000 sheep at most, some n,500 Navajos with as 
many as 140,000. sheep were trying to wrest an existence.^^ 
Before a new stock-reduction program took effect in the mid- 
1970^ their lot was growirfg increasingly difficult. In essence, 
families have been forced by economic dictates to pit short- 
term self-interest against respect for the tribe's patrimony. Yot, 
if herd reduction, grazing management, and reseeding can 
restore this /one to peak conditions, its carrying capacity could 
eventually rise above the currenf level by a factor of ten. The 
questiorr is one of temporary' restraint. 

Farther to thcjsouth, in CKiJe's arid Coquimbo region, cadti 
have replaced shrubs on some overgrazed land, and on others 
native perennial plants have given way to less productive annu- 
als. As these pastures decline in quality, sheep replace cattle 
and eventually goafs replace sheep. A UN report on the Co- 
quimbo region indicates that the region*s inequitable land- 
teniire pattern, which concentrates large numbers of people in 
restricted areas, promotes ecologically unsound land use The 
large and sparsely populated estates of the wealthy have room" 
for proper grazing rotations. The inadequate communal and 
personal holdings of the poor majority, overcrowded and in^ 
creasingly degraded, do not. 

A recent U.S. Department of Interior study. Desertification 
in the United StuteSy measures the impact of grassland deterio- 
' ration on food production."*^ Using data from a Texas study, 
it report^tliat ''good** rangeland can yield 14 pounds of beef 
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per acre per year, while semi-deteriorated (or **fair") lands yield 
only 1 1 pounds of beef per year, and severely degraded lands 
produce less than 9 pounds per acre per year. 

Intevnationally, the pace of degradation leaves little time for 
farmers and consumers to adapt to the new conditions. Never 
> before:has world demand for livestock products doubled within 
a generation. Almost ever\')vhere, efforts to expand livestock 
production to keep pace with demand is taking its toll on 
grasslands. In Africa, only the Tsetse Fly b^lt has been spared 
from overgrazing, and the severely overgrazed Indian subconti- 
nent now supports the world's largest cattle herd. 

Extending livestock production onto new territor}', the natu- 
ral response to the production crunch; has relieved market 
* , pressure only to exacerbate ecological stress. Brazil's attempt to 
encourage cattle ranching in the Amazon Basin through a* 
- massive program of finqnciaKand tax incentives illustrates the 
bind. In the opinion of ecologist Philip Fearnside, the conver- 
sion from forest to grassland will within a few years deplete soil 
nutrients and give full rein to weeds that compete v/ith the 
range grasses that cattle eat.**^ Eventually, cattle yields will 
drop to low, probably uneconomic levels. 

Between 1950 and 1976, world beef production more than 
doubled and mutton production increased by half But since 
1976, production has leveled off. in 1976, world production of 
beef and mutton totalled 54-9 m;llion Ions; in 1980, au es- 
timated 54.2 million tons.'*^ For the first time during the 
moderaera, the growth in beef production has come to a halt, 
therebv raising questions about the prospects for resuming the 
long-term rise in consumption. 

Per Capita Consumption Trends 

J*\'ievved m per capita terms, global resource trends are both 
illummating and disturbing. Thev show the relationship be- 
tween multiplying human numbers and the carrying capacity 
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of the earth $ life-support systems, a relationship that has re- 
ceived, too little attention. But they also show that expanding 
human" demands are becoming unsustainable. 

Although averages obscure wide variation in individual con- 
sumption, they do help us put our resource use in a population 
perspective. As long as the per capita average is climbing, 
everyone has at least a theoretical chance of consuming more, 
but once the global average turns downward, if some people are 
to consume'more, others must consume less.. In such a situa- 
tion, the unmet basic needs of the poor can be satisfied only 
if the affluent consume less. In a world where per capita re- 
source supplies are shrinking, the questions of how the global 
supply of each resource is divided becomes a sticky intema- 
tional p6litical issue. 

Until world population reached the three billion mark in 
i960, the yields of the three basic biological systems expanded 
more rapidly than population. At that point ,^ however, the 
margin began to narrow. By the time population had moved 
beyond four billion (reached in 1976), the per capita produc- 
tion of wood, fish, beef, mutton, and wool was declining. 
WTiile untapped capacity still exists here and there in each 
of these systems, per capita output in all is declining under 
current management and with current population growth 
rates. 

Before 1964, world production of wood expanded more ra- 
pidly than population, but as forests began to shrink, expansion 
became more difficult. As a result, population growth out- 
stripped forest production after 1964, leading to a decline of 
one tenth in the wood supply per person oyer the next 15 years. 
(See Table 3-3.) Small wonder that the prices of lumber and 
housing have risen the world over and that scarcities are unset- 
tling the household economies of so many Third World villag- 
ers. Vast untapped forest resources do remain, but they are 
located in such remote sites as eastern Siberia, northern Can- 
ada, and the inner Amazon. For the fuel-starved villager in 
Ethiopia, they could as well be on the moon. And with oil 
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Table 3-3: World Production per Capita .of Basic Biological 
Resources, i96c>-8o 
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Note: Peak years arc underlined. 

Source: Food and Agriculture Organi^tion. 



prices driving up transport costs, these remote forest resources 
are not likely to become much more accessible, r 

'^With fisheries, the critical point came in 1970, when world 
population reached 3.6 bilh'on. During the previous two 
decades the fish catch had been growing at a record rate; but 
siiice 1970, the fish catch per person has fallen by 13 percent, 
or over 1 percent pei year. Per capita, the catch of both table 
fish and fish used for fishmeal have fallen. 

With the output from grasslands, the production of mutton 
and wool turned downwards even before the fish catch fell. 
Hastened by the advent of synthetic fibers, these downturns 
occurred in the early sixties, shortly after world population 
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"ched. three billion. \Vith wool production becoming jess 
.pr^bfitablc so did sheep husbandry overall: Although world 
iinutton production periperson has been declining since 1961, 
the decline accelerated after 1972. Wool production per per- 
son, \^ich peaked around i960, has fallen by 27 percent'*sihce 
then. The production of beef, far more important than mutton 
production in global ternis, continued to increase until 1976. 
But as worid population hit four billion, beef production per 
person finally peaked. In four short years, it fell by 9 percent, 
indicating an absolute decline in world production since 1976. 

One reason the world's beef herds continued to expand 
when sheep flocks had hit their limit is that more and more or 
the^world's beef cattle were being "finished for market" in 
feedlots. Thi^' shifted somt of the pressure from grasslands to 
corn fields. But now as mounting demands for grain drive 
prices upward, grain is not likely to be cheap enough again to 
use to relieve the pressure on grasslands. 

Until recently, the reversal in per capita trends was obscured 
by the lack of worldwide data. But with better information, the 
trends are becoming only too clear. With human demand 
outstripping the sustainable yield of the natural biological sys- 
tems that support the world economy, the output per person 
of virtually every major commodity produced by these systems 
appears to be declining. The implications of this decline will 
he felt everywhere and will occupy national political leaders for 
years to come. 

Future Resource Trends 

Projecting the yield of biological systems is not an easy task 
But recent historical evidence does provide clues to the direc- 
tion of the trends, if not their magnitude. A projection of the 
oceanic fish catch, which is influenced both by the inherent 
biological potential of the fisheries and by the human capacity 
to manage them wisely, illustrates the point. Calculating the 
yield potential requires precise information on each individu^ 
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species, including that on age-group distributiqii, reproduction 
and maturation rates, and the species' relatioi^ship to other 
species in the oceanic food chain. Buoyed by the ^apid expan- 
sion of the fish catch after World War 11, some analysts pro- 
jected a year 2ocx3 calch as high as 300 million tons.'*^ During 
the early seventies, however, projections fell to something 
around 100 million tons. More, recently, the projcctions*1iave 
become even more sober and conservative^ The Global 2000 
Report published in 1980, which drew heavily on analyses by. 
the U.S. National Marine Fisheries Service, concluded that the 
generally accepted annual potential of loo million metric tons 
of traditional marine species probably cannot be achieved on 
a sustained basis. More likely, says Global 2000, the sustain- 
able oceanic catch is close to the present catch of about 60 
million metric tons. 

One way of projecting the world fish harvest, oceanic and 
fresh water, is to assume that it will continue to fluctuate 
between 65 and 75 million tons over the next two decades as 
it has during the decade since 1970. Assuming an end-of- 
century catch of 70 million tons, the fish catch per person 
would fall by some 42 percent between 1970 and 2CX)0. If 
severe protein shortages materialize, restraints on fishing could 
be lifted or violated. With stocks decimated, future catches 
would be, smaller still. 

More optimistically, we could assume that the management 
of fish^eries will improve, that the few remaining underex- 
ploite'd stocks (such as those ia the tropical fisheries around the 
Indonesian islands) will be fully developed, and that fish farm- 
ing will double. Given these assumptions, a projected harvest 
->_j:i85jTiilliQn tons by the year 2000 is within reason. Such an 
increase w-oiild lead to a decline in the catch per person from 
18.5 kilograms in 1970 to 13.7 kilograms in 2000 — a drop of 
30 percent. (See Figure 3-1.) 

^ Any reasonable combination of assumptions concerning the 
future fish catch leads to the conclusion that the recent decline 
in the per capita fish supply will continue. If population grows 
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Figure 3-1. World Fish Catch Per Capita, 1950-80, 
With Projections to 2000 

as expected, the. key questions will be how much the catch per 
person declines, how it affects seafood prices, and who eats less 
fish. ' ^ ' ' 

Unfortunately^ the figure showing a decline in ihe projected 
fish catch per person also probably describes the future per 
capita trends of beef, mutton, leather, wood, and other major 
commodities of biological origin over the remainder of this 
century — if the projected growth in world population .material- 
izes. Underlying each of these trends is some basic biology and 
brutal arithmetic: Production is constrained by sustainable 
yield, and that yield must be divided among an ever gfbwing 
number. 

Oil: The Safety Valve 

During the last two decades, we have been sheltered from the 
full effects of the lag in output of commodities of biological 



Biological Systems under Pressure " :55 

origin and of the growing scarcity of new cropland ^by the 
extensive substitution of petroleum products for natural pro- 
ducts..Gasoline"and diesel fuels now used to power tractors and 
irrigation pumps have replaced draft animals and, to a lesser 
degree, human muscle power. Where agriculture Has been 
mechanized, oil has in effect been substituted for the land once . 
used to produce feed for draft animals. In the United States; 
some 60 million acres of cropland were released for other ^ 
purposes betweenn93o and i960 as tractors replaced horses.'*^ 

To meet the continuously expanding demand Tor food, farm- 
ers lacking new land increase their yields by using petroleum 
in the fomi of fertilizer. Between 1950 and 1980, the world's 
farmers increased their use of energy-intensive chemical fertil- 
izers nearly eightfold,' from 1 5 million tons to over 1 1 4 million 
tons.'*^ The use of pesticides, many of them produced from 
petrochemicals, also climbed markedly.'*^ 

Off the farm, too, synthetic materials from the petrochemi- 
cal industry were substituted for natural materials following 
World War II. V\'hilc per capita production of wool, cotton, 
and other natural fibers has leveled off or fallen, the use of 
synthetic fibers has climbed, partly because synthetics have 
cost relatively less and partly because many consumers prefer 
a blend of natural and synthetic fibers. In 1950, synthetic fibers 
accounted for only 1 percent of world^ fiber use, but by 1979 
their share had climbed to an estimated 36 percent— compared 
with 47 percent for cotton, 5 percent for wool, and 1 2 percent 
for rayon, a fiber produced largely from wood pulp. Overall, 
fully one-third of the clothing and textiles the world's four 
billion cjnsumers bu> are now made of materials not found in 
jiature. 

With rubber, the substitution of synthetics produced by the 
petrochemical industry has progressecf even farther Although 
world production of natural rubber has kept pace with popula- 
tion growth since 1950, it has fallen far behind affluence- 
spurred demand. By 1978, synthetic rubber accounted for over 

two-thirds of the world's rubber supply.'*^ / 

» 
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. Plastics, also synthesized from petroleum, have been widely 
substituted for wood, paper, cardboard, and leather. In packag- 
ing alone, their tise in the United States totaled 4 million tons 
in 1978, or some 18 kilograms per capita. Increasingly, they 
have .been substituted for wood in the .building, furniture, 
home appliance, and houseware industries,^^ In the Third 
World, kerosene has been substituted for firewood and char 
coal as forests dwindle. Everywhere, synthetic detergents have 
repbced tallow-based soap. And as the leather supply lags far- 
ther and farther behind demand, the%orld's footwear and 
leather-gpods industries have turned to imitation leathers. 

This use of orl in the form of fertilizer and synthetic substi- 
tutes for natural materials has served as a safety valve, aljeviat- 
ing the pressure on natural systems. The potential for lessening 
pressure on natural systems has been keyed to the availability 
of oil and the evolution of a vast petrochemical industrial 
capacity. But as oil reserves dwindle, this safety valve will close, 
reversing the substitution process and putting even more pres- 
sure on croplands aitd the basic biological systems. 



4 

Twilight of the 
Age of Oil 



^3ur age is often referred to as the nuclear age or the space 
age. Scientifically glamorous though these labels may be, it is 
petroleum that has shaped our time. The consumption of vast 
quantities of oil, some 60 million barrels a day, gives modern 
society it^ distinctive character. 

-^Industrial economies turned to oil because it was conven- 
ient, abundant, and cheap. At its peak in 1973, oil and natural 
gas, its companion fuel, accounted for 67 percent of world 
commercial energy use.^ Oil was the source of nearly all the 
world's transportation fuel and chemical feedstocks as well as 
much of the fuel for heating buildings and water, and for 
^nerating electricity. Production of this wondrously versatile 
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fuel and-feedstock multiplied fivefold between 1950 and 
1973.2^ Within a generation, it reshaped the economic system. 
Yet, most of the readily accessible reserves of oil formed over 
hundreds of millions of years will be consumed within a single 
generation^ spanning the years from i960 to 1995.^ 

Supply disruptioris and higher prices for oil have forced 
national leaders to reconsider the role of oil in their economies. ' 
The price of dependence on an exhaustible dwindling resource 
is being felt around the world and the short-term outlook for 
substitutes is not promising. Nuclear power, once regarded as 
petroleum's natural heir, has become less and less attractive as 
its numerous drawbacks come to light. Coal,' the other fossil 
fuel, is ultimately as exhalistible as oil. 

The Rise of Oil 

The age of oil began in 1859 in Pennsylvania, when Captain 
E. L Drake drilled the first oil well, but only within the last 
few decades has oil emerged as the dominant fuel. As recently 
as 1950, world production totaled only 3.8 billion barrels, a 
meager output by contemporary standards. By 1973, annual 
production topped 20 billion barrels."* 

During those 23 oil-thirsty years, demand drove production 
upward by 7 percent annually. Each year, world oil production 
moved to a new h(gh. World population grew at a record rate 
during this period, but the growth of oil production outpaced 
it handily, so oil production per person increased— from 1.5 
barrels per year in 1950 to 5^3 barrels in 1973— mostly because 
coiisumption in the northern tier of industrial countries in- 
creased manyfold. (See Table 4-1.) 

By 1961, the great postwar surge' in oil and natural gas 
output had eclipsed the production of coal, which had been the 
principal source of commercial energy since the Industrial Rev- 
olution began.5 By 1967, the production of oil alone had sur- 
passed that of coal. By 1973, oil and natural gas together 
provided more than twice as much energy as did coal. 
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Tabk 4-1. World Oil Produchon, Total and Per Capita, 1950-80, 
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Source Ufutcd N'atioits and U S Department of Energy 

The quarter century of extraordinary growth in production ^ 
that made oil the world s primary fuel ended in late 1973 with 
the fourfold OPEC (Organization of Petroleum Exporting 
Countries) oil-price increase. During the years since, world oil 
production has increased less rapidly than population. In a;l 
probability, the 53 barrels per person produced in 1973 will be 
the historical high. 

With per capita oil production on the wane, the next mile- 
stone will come when total production t'.irns downward. Most 
projections do not show the onset of z gradual decline occur- 
ring before the early nineties, though recent evidence suggests 
that it could occur rpuch sooner because of political decisions 
limiting production levels.^ !f it occurs before popuhition 
growth halts, as now seems .ikcly, oil output per person will 
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plummet as a dwindling output is divided among a stilkxpand- 
ing world population. " \^ 

Our Petroleum Culture 

Oil has left an indelible imprint on virtually ev.ery facet oi 
human existence and made our world one that our ancestors 
would scarcely recognize. A combination of dcmand-stimulat-^ 
iag Keynesian economic policies and cheap oil fueled an un- ^ 
precedented increase in the production of goods and services ^ 
during the immediate postwar decades/ Between 1950 and 
1973, the world economy expanded at a record 4 percent per 
year, and the oufput of goods and services tripled in less thari 
a generation/ 

To some, the pre\'ailing prices and policies seemed to indi- 
cate that rapid sustained economic growth had become part of 
the natural order. Economists,, corporate executives, political 
leaders, and average citizens all assumed at least implicitly, if 
not explicitly, that such growth would continue indefinitely 
.Few realized how closely economic growth was tied to the 
abundance of cheap oil. 

Not only did cheap oil underwrite unprecedented economic 
growth— it also sustained an explosive increase in human popu- 
lation. Growing supplies of liquid fuels and advancing technol- 
ogy permitted food production to expand more rapidly, and 
Aicreased food production led to increased population In some 
societies, population growth rates approached the biological 
maximum. 

While the rapid growth in oil use greatly enhanced the 
earth ? population-sustaining capacity, it also helped transform 
the Vorld economy from a collection of essentially indepen- 
dent National economies into a closely knit international eco- 
nomidsystem. This transformation reflects three facts. First, 
oil reserves arc concentrated in a few regions, whereas the 
demanii foj oil is universal. Second, oil is a highly transportable 
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fuel. Third, as a liquid fuel oil has been central to the develop- 
ment of the international transportation network. 

Because of its portability and its versatility as a fuel and 
feedstock for'the chenfibal industry, oil is widely used in almd^t 
all countries, most of which have little or no oil of their ovs^ 
Japan and some of the industrial countries of Western Europe^l 
for instance, have developed oil-based economies that are 
wholly dependent on foreign oil supplies. Prior td the oil age, 
niubi countries made do with indigenous energy resources; 
neither coal nor wood were ever exported in large quantities, 
Sbw^il has become the energy commodity with which na- 
tionarb'K;rgj;,/a^unts are bara(liced." 

As countries everywhere modernized, the uneven distribu- 
tion of oil reserves spurred not only trade in oil but also trade 
m commodities to pay for oil. Since 1973 the soaring price of 
oil has further spurred oil-importmg countries to launch vigor- 
ous export-expansion programs. Raw materials, industrial pro- 
ducts, and agricultural commodities are sold for foreign ex- 
change to import oiU 

Oil has also been a force in the evolution ofk^he modern 
international transportation s>stem. international water-, air-, 
and land-transportation networks are fueled primarily with oil 
Had nature never formed the oil trapped under the earth's 
surface, an integrated international economic system like ours 
might never have evolved. Oil proved ideal for powering ocean- 
going ships, and oil-fueled jets have Kelped create a global 
society. 

More specifically, cheap oil led to the evolution of automb- 
'bile-centered transportation .systems in the Western industrial 
societies and precipitated a desire elsewhere to emulate these 
s>stems. In 1950, when world oil production amounted to less 
than four billion barrels, there were only 53 million autoino 
biles on the road, four-fifths of them in North America and 
Europe.^ B> 1980, the world automobile fleet had multiplied 
to 32; million. In W estern industrial societies, where the auto- 
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mobile culture is most deeply entrenched, the automobile has 
shaped HfcrStyles as well as economies. 

Automobile manufacturers, the world's largest industry, pro- 
duced some 100,000 new vehicles each working day during the 
seventies.^ The fate of the automobile industry and of indus- 
tries that supply it with steel, rubber, glass, and parts is linked 
to the supply of liquid fuels. After three decades of rapid 
growth, world automobile production leveled off in the seven- 
ties.along with oil production. With oil supplies dwindling, the 
demand for automobiles nriay never again reach the 1978 level 
of 31 million unless near-iiiiraculous breakthroughs in mileage 
efficiency are made. 

Along with social change and the integration of the world 
economy, cheap oil also encouraged the development of 
"throwaways.^' \\^en oil was so cheap as to seem free, it was 
. easier to throvi' things away than to reuse, recycle, or repair 
thenf. W'ithout cheap energy with which to manufacture new 
goods, the concept ^fj^Iapned obsolescence would never have 
evolved. ' - / 

On a country-by-countr>^ basis, the impact i)f oil has varied 
widely. In some countries, life-styles have been profoundly 
altered, and in bthers, barely touched. In the United States, the 
influence of liquid fossil fuels is visible everywhere. In contrast, 
parts of the rural Third World have scarcely been touched by 
oiKs power. In India, for example, bullock carts, bicycles, and 
coal-powered trains still carry the bulk of passetigers and 
freight. 10 Although the decline of oil will affect the structure 
of modern industrial economies far more than those of largely 
subsistence economies, the social impact on those living 
precariously close to the margin of survival wi^' Ic far greater 

The Emergence of OPEC 

Few things symbolize the changing oil outlook as much as, the 
cfnergenceof the powerful Organization of Petroleum Export- 
ing Countries (OPEC). Although formed in i960, it remained 
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brgely unknown until 1973. As recently as 1972, OPEC was 
an acronym known to few outside the oil industry, but since 
the 1973 oil pricfe hike it has become a household word. Now 
it is widely recognized as one of tlTe world's most influential 
organizations. ^ ^ 

OPECs 13 member countries are a diverse group contain- , 
ing 3 19- million people, or 7 percent of the wrld totah Six 
members are in the Middle East (Iran, Iraq, Kuwait, Qatar, 
Saudi Arabia, and the United Arab Emirates), two are in North 
Africa (Algeria and Libya), two 'are in .sub-Saharan Africa 
(Gabon and Nigeria), two are in Latii? America (Ecuador and 
Venezuela), and one (Indonesia) is in Asia\ But these 13 geo- 
graphically, culturally, and religiously diverse countries have a 
few things jn common, exportable surpluses of oil, preindustrial 
infrastructures, and a keen desire for better prices for their oil. 
These three common interests have held this disparate group 
together in the face of great odds and frequent predictions of 
TTXlemise. • ^ • 

OPECs chief architect and founder, Juan Pablo Perez Al- 
fonso, was a \ enezuelaii. The Minister ofMines and Hydro- 
carbons during the forties, Perez Alfonso grew deeply con- 
cerned with the wasteful use of oil and the prodigious speed 
at which oil rcser\es were being used up.** He developed the 
idea of an organization of petroleunj exporting countries out of 
that concern. c 
' ' Perez Alfonso was not an international political wheeler- 
dealer. Above all, he considered himself an ecologist He gar- 
dened and raised flpw^rs . Fte/rallcd the ca/ h **cosmic curse'' 
and thought the bic>clc thc/(vprthicr vehicle. The only car lie 
owncd„a 1936 Singer sjpor/s coupe, was parked on a pedestal 
111 his garden, draped with tropical flowers and Venezuelan 
-orchids. Although Perez Alfonso was a millionaire many times 
over, he liv cd in relativ e austerity in the suburbs of Caracas He 
* read bv candlelight and reportedly asked all visitors to leave 
when darkness fell so that he would not waste electricity 
As the founder of OPiiC saw it, his mission in life was to 



ErJc . . "71 



64: Building a Sustainable Society 

Stop the waste of valuable energy resources. When describing 
his early vision of OPEC, he said, ''Most, people see OPEC as 
a way to raise oil prices, but I see it as a way to lower the use 
of energy." Shortly before he died in late i979, he referred to 
OPEC as the "leading ecology group in the world."^^ 

While the idea for OPEC was conceived in 1946, it was not 
until i960 that Perez Alfonso could convince several oil-export- 
ing countries to join with Venezuela in a common pact.^^ The 
event that triggered the formafion of OPEC was the interna- 
tional oil companies' attempt to reduce further the pittance 
they were paying countries for their oil. At a meeting in Bagh- 
dad, representativcTfrom Venezuela, Saudi Arabia, Iran, and 
Kuwait established a minimum oil price of $1.80 a barrel.^** 
The first victory was a modest one. The OPEC member^ 
were unified enough to sustain the $1.80 floor price, but their 
inability collecii\el> to limit production also limited their abil- 
ity Jo further raise prices. Not until the early seventies, while 
the Suez Canal was closed, did Libya attempt to make the most 
of its high-quality oil and its geographic proximity to Europe 
by renegotiating a small price increase. After Libya succeeded, 
the Persian Gulf oil exporters pressed successfully for similar 
increases. The resultant leapfrogging series of price increases 
raised the oil price to S3.01 per barrel by October i973 
'^Tlie next key event in-the evolution of OPEC's power was 
the 1973 Yom Kippur War, waged by Egypt and Syria against 
/Israel. In support of Egypt and Syria, the Arab members of 
OPEC reduced exports to the Western industrial countries 
and embargoed all oil shipments to the Uif^ed States and the 
Netherlands. At the same time, Iran.tried auctioning oil to the 
highest bidder ancl discovered it could get as much^as $173 
barrel. With this new understanding of the inelastic nature of 
the demand for oil, the OPBC countries decided in January of 
1974 to raise the official price to $ n .65 a barrel— a price many 
incorrectly predicted would not hold. 

Frt)m'i974 to 1978,. the OPEC oil price remained quite 
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stable, increasing gradually to $12.70 by 1978. (Adjusted for 
inflation, the real price of oil actualjy declined over this four- 
year span.).But OPEC used this time and its newly discovered 
power to whittle away the hold and span of the international 
oil companies by increasing the royalty charges per barrel and 
raising taxes. 

As recently as 1972 the so-called '*Seven Sisters" — Exxon, 
Mobil, Texaco, Gulf, Standard Oil of California, British Fetro- 
leum, and Royal Dutch Shell— had a virtual stranglehold on 
the world oil business. Not only did they own the oil fields, but 
they also set prices and made the production decisions, decid- 
ing how much oil each country would produce, where it would 
be shipped, and what its price would be. But all that changed 
as OPEC began to assert itself. Gradually, the governments of 
producing countries began assuming control over supply as well 
as price. Concessions to oil companies were .replaced with 
long-term contracts. National oil companies such as Sonatrach 
in Algeria and Pertamina in Indonesia assumed more promi- 
nent roles vis a vis private firms. Several oil-exporting countries 
began refining operations in an effort to generate even larger 
oirincomes and io bring more of the production process under 
the control-^P the suppliers. 

In late 1978, growing political unrest in Iran began to inter- 
rupt Iran's export of oil, creating shortages. Again taking tlieir 
cues from the spot market as prices soared above S40 a barrel 
in early 1979, the OPEQ countries began another roui^d of 
price increases. By late june, the- official OPEC price had 
climbed to $1-8 a barrel and the market showed no signs of 
collapse. / ' - 

When OPEC members met in Caracas in late Decenjber of 
1979, the system of unified pricing that had held up so well 
since 4960 b^gan to break down ir\ the face of bullish world 
demand. Agreement on a unified price proved impossible. Sup- 
prtcd by Venezuela and Kuwait, Saudi Arabia had attempted 
to cap the price increase at $24 per barrel, but some members 
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were not satisfied with that'ceiling. By late spring of 1980, 
Algeria,. Libya, and Nigetia had upped their prices to $35 a 
banel. 

Perez Alfonso had originally seen .OPEC primarily as a 
means of cx)nserving oil by raising oil prices. But in the end, 
OPEC was to create a new international order and to alter 
profoundly, the economic^and political relationship between 
the preindustrial oil-exporting countries and the rest of the 
world. During the late sixties^and seventies, the developing 
countries had been pressing for a new international economic 
,order, one that would improve both their international terms 
of trade and their access to investment capital and technology. 
While these countries, organized as the Croup of 77, were 
calling for a new international economic order, the "Croup of 
13"_0PEC — was in fact implementing one. With its new- 
found ability to control the oil that fueled the world economy, 
it engineered history's greatest international transfer of wealth 
and power ^ 

Among the developing countries, discussion of the need for 
a new international economic order centers on their deteriorat- 
ing terms of trade with the industrial countries. However sub- 
stantial that deterioration between 1950 and 1972, the terms 
of much of the trade between the preindustrial and industrial 
societies were abruptly altered by OPEC. Nowhere was this 
more evident thaji in the exchange of oil and grain between the 
OPEGcouhtries and the United States (the u irld's leading oil 
importer and leading grain exporter). From 1950 to "972, both 
the price of a bushel of wheat and that of a barrel of oil hovered 
around $1.80. (See Table 4-2.) Throughout this period, a 
bushel of wheat could beTraded foTa bYrTerof oil: BuTby 19807 
it took six bushels of* wheat to pay for a barrel of oil. Rarely, 
if ever, have the relative prices of two major commodities 
shifted so dramatically and so quickly. 

The shift in the price relationship of oil and grain may signal 
the beginning of a long-term transformation in the relative 
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Tabic 4-a. The International Terms of Trade Between Wheat and Oil, 

1950-80 



Year 


Wheat 
Price 


Ull 

Price 


Bushels of 

VC/fiMf fn RtiV ft 

VVffcut l\f U\*f u 

Barrel of Oil 




(dollars 
per bushel) 


(dollars 
per barrel) 




1950 


V9» 


1.71 


1 


1955 


1-77 


1.93 


1 


196b 


1.58 


1.50 


-I- 


1965 


1.62 


1.33 


1 


1970 

1971 
1972 

1973 
1974 
1975 
1976 

1977 
1978 
1079 

i|8o (prel.) 


1.50 
' 1.68 ^ 
1.90 
3.81 
4.90 
4.06 

362 
2.81 

" 348 , 
4.36 / 

4.70 ^ 


1.30 
1.65 
1.90 
2.70 

. 9.76 
10.72 
*ii 51 
12.40 
12.70 

16.97 
30.50 


1 
1 

I 
1 

2 

3 

' 3 
4 
4^ 
4 
6 



Source, Intewattonal Fmancial Statktcs. IiUcrnational Monetary Fund, and author's 



estimate for 1980. 

' / prices of nonrenewable resources (among which oil is by far the 
most important) and renewable ones. Although the price shift 
is most easily measured for major commodities such as grain, 
it also stands to affect the many agricultural commodities— tea, 
coffee, cocoa, bananas, cotton, and jute— Isold to pay for im- 
ported oUrThls sTilftTrTrelairve F^ceT^^ bear heavily on the 
evolution of energy strategies. As fossil fuel prices rise, coun- 
tries importing oil will find investment in renewable energy 
sources increasingly attractive.. 

OPEC has been held responsible for the double-digit global 
inflation, becoming a favorite scapegoat of politicians every- 
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where. Indeed, OPEC is* primarily responsible for the shift in 
the relative market values of grain and oil and it has con- 
tributed to the economic stresses of recent years, playing out 
its self-interests even when poor countries were most hurt by 
its actions. Yet, its oil-pricing policy may be nonetheless so- 
cially constructive on the whole. With oil reserves shrinking, 
a socially responsible oil-pricing policy would be one that raised 
prices just fast enough to encourage conservation and the de- 
velopment of alternative energy sources at a rate that would 
minimize economic disruption in the transition to the post- 
petroleum era. As of 1981, one would be hard pressed to argue 
that the price of oil has risen fast enough to make this smooth 
transition (X)ssible. Although it is easy to criticize OPEC policy 
in the short run— especially the failure of cash-surplus OPEC 
countries to assist more aggressively the poorest countries 
whose development prospects have been devastated — OPEC's 
role in raising oil priceis will almost certainly be vindicated over 
time. Historians may even express gratitude to Perez Alfonso 
and the OPEC leaders for having launched, albeit belatedly, 
the transition to a post-petroleum era. \^ 

The Decline of Oil \ 

\ 

The climb m oil prices will inevitably accelerate as production 
falls off, as it rs sure to do. At any given time, oil production 
is determined by a combination of physical conditions and by 
what might loosely be described as political influetjices. Among 
the physical conditions influencing oil productiorl^ are the all- 
important reserves-to-production ratio and geograp^hic accessi- 
bility: — -~ ^ - 

'M. King Hubbert, the geologist who quite accurately pre- 
dicted' in 1956 that U.S. oil production would peak around 
1970, has also projected world oil production to peak some- 
where just before the 6nd of the century because of physical 
constraints. ^5 In a more recent analysis, David H. Root and 
Emil B.. Attanasi of the U.S. Geological Survey set the date at 
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1993.^^ Overall, production projections made in the mid and 
late seventies and based primarily on physical constraints show 
world oil production peaking sometime during the 199OS.17 
Geologists take account of two types of oil reserves when 
they calculate oil-production prospects. "Proven reserves" are 
those known reserves of oil that can be recovered with existing 
technology and at current prices. "Ultimately recoverable re- 
serves'' (or ''probable reserves''), a far larger category, includes 
expected new discoveries and allows for advances in extraction 
technologies. Proven reserves consist largely of oil that can be 
extracted easily using the natural pressure in oil-bearing geo- 
logic formations. In older oil fields, however, "secondary recov- 
ery*' measures, whereby pressure in the oil-bearing structures 
is maintained by pumping water or gas into the structure, must 
be called into play, in Venezuela, the European part of the 
Soviet Union, and the United States, this recovery method is 
widely used, now accounting for some one-fourth to one-half 
of all oil production.*^ Tertiary recovery techniques involving 
the use of heat or chemicals to reduce the viscosity of oil can 
also be used, though they are not brought to bear until primary 
and secondary means fail to yield resu^s since each of these 
techniques is progressi\cly more costly and yields less net en- 
ergy. 

Naturally, estimates of proven reserves tend to be more 
precise than those of ultimately recoverable reserves But some 
consensus is now forming around both, in early 1980, the 
editors of the International Petroleum Encyclopediay consult- 
ing with both go\ernments and oil companies, estimated 
proven world oil reserves at 641 billion barrels.'"^ Estimates 
of ultjniatejy recoverable re serves h av e tended to converge 
around 2000 billion barrels, or roughly three times proven 
reserves.^^ 

Translated into per capita terms, these mcganumbers be- 
come nuich n#e meaningful. Proven reserves of 600 billion 
barrels amount to i ;o barrels for each of the world's four 
billion people, while recoverable reserves equal roughly 500 
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barrels per person. If the entire world were to consume oil at 
the U.S. rate -of 30 banels per person per year, the world's 
proven reserves of oil would be exhausted within five years. 
Ultimately recoverable reserves would last no more than an- 
other 13 years — less if all ultimately recoverable reserves do not 
materialize and population continue^o grow. 

Prior to 1973, oil production was coijstrained primarily by 
growth in demand and, in a few locales, by physical constraints. 
Since 1973, actual production has fallen well below the physi- 
cal production potential, and accelerating inflation has helped 
widen the gap between the two. Uncertainty about the future 
value of money, particularly of. the dollar, logically enough 
prompts oil-producing countries to keep as jiiuich of their 
wealth as possible in the form of oil underground. With oil 
prices on the rise, the advantages of conservation-oriented pro- 
duction policies in oil-exporting countries speak for themselves. 

Also reducing oil output is concern over the disruptiv(\cffect 
of vast capital influxes on traditional pre-industrial societies. 
The problem grows more serious with each oil-price increase^ 
witness the Iranian experience in 1979. In Iran, the wealth that ^ 
accrued as export earnings climbed fron^ less than $5 billion in 
1973 to some $22 billion in 1974 became concentrated in a few 
hands, widening the gap between rich and poor'and straining 
the country's social fabric intolerably. And Iran's'case may not 
be unique. When asked about the overthrow of the Shah, a 
deputy minister of oil from an Arab country said, "The one 
thought that keeps coming back is that it could have happened 
to any of us.'*^^ 

Mexico has already adopted policies that reflect this con- 
_cern>.AlthQUgLtkeJlbitc(iJSJales^^^^ oil im porters had _ . 
initially assumed that Mexico would quickly join the ranks of 
the major petroleum exporters, occupying a position that ^ 
matched the size of its newly discovered oil fields, the Mexican 
government is thinking otherwise. Officials of PEMEX, the 
state oil monopoly, have talked of stabilizing production when 
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it reaches 2.7 billion barrels a day.^^ Mexican President Lopez 
Portillo believes that "output should be kept down to levels 
commensurate with the country's ability toabsort the resulting 
massive revenues."23 The danger of a preindustrial society ^ 
attempting to absorb massive amounts of capital, he says, is 
, akin to that of indigestion from overeating. 

At least as capable of infiuencing production policies as these 
other factors is the emergence in the world oil market of a 
"depletion psychology." When the amount of oil extracted 
surpasses the amount of new discoveries, proven reserves shrink 
and producing countries are forced to reckon with the day 
when their oil reserves are exhausted. The urge most such ^ 
countries will feel to postpone the' day when the wells go dry 
could steadily lower world oil production in the near term. To 
be sure, the market impact of a basically healthy fear of using 
up an irreplaceable resource is hard to gauge. But just as the 
changing market psychology drove prices far above the levels 
projected during the seventies, so the emergence of a depletion 
psychology could markedly reduce oil production below the 
levels commonly projected for the eighties and nineties. 

Production in several major oil-producing countries has al- 
ready dropped, both because reserves are dwindling and be- 
cause producers are trying to stretch out remaining reserves 
Oil production in \ enezuela has fallen nearly 40 percent from 
its 1970 high of 3.7 million barrels per day. Production in 
Libya peaked in the same year at 3.3 million barrels per day and 
now stands at 2 million barrels per day or less. Production 
peaked in the United States in 1970 and Canada in 1973. 
Other major producing countries experiencing more recent 
declines include Algeria, Iraq, Iran, and Kuwait. In politically 
unsettled Tran, production has fallen far Below the mid-seven- 
ties level, to which it is unlikely to return. 

This decline will, of course, be partially offset by production 
increases in China, Mexico, Norway, the United Kingdom, 
and other new producers. In China, future gains will depend 
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heavily on the import of advanced drilling equipment from the 
West, specially that for exploiting offshore fields. Production 
in the United Kingdom's North Sea fields is expected to peak 
— in-igSi-or^S^^at^bout 3 million barrels a day.25 

Several projections of worldDil production made since 1975 
by petroleum companies and private consultants indicate that 
world oil production will grow by some 15 to 35 percent be- 
. tween 1980 and 1990.26 But these projections are based largely 
on. assessments of physical conditions in the world's oil fields: 
They accord little weight to political forces or to the emer- 
gence of a strong depletion psychology. Because they are based 
largely on physical factors, the easiest of the three factors to 
analyze, these projections may lead to an unwarranted compla- 
cency. 

, Preliminary production reports for 1980, a recession year, 
indicate that world output fel) below 22 billion barrels, some 

4 percent below the all-time high of 22.7 billion barrelsMn 
1979.27 Although one year does not make a trend and although 
the Iraq-Iran war reduced output, the 1980 dip in oil output 
docs demonstrate the potential for production declines as well 
as increases. 

Given the strength of the production constraints reviewed 
here, a modest decline in output— to 20 billion barrels by 1990 
and to 18 billion barrels at the end of the century— appears 
more likely than does a production increase. Even this modest 
decline means that per capita output would fall from roughly 

5 barre^ per person in 1980 to less than 3 barrels per person 
in the year 2000,jssuming the projected growth in world 
population materializes. (See Figure 4-1.) With individual al- 
lotments reduced by some 43 percent, life-styles and energy- 
use patterns, particularly in heavily oiWependent countries, 
will perforce change radically. 

With world oil supply per person falling, a continuing rise 
in consumption in some countries could lead to an even more 
* precipitous drop in the others. The saving grace is that the 
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reverse is/also true. If countries now consuming large amounts 
of oil could reduce per capita consumption sharply, per person 
consumption could still rise in some low-income countries If 
population growth could also be sharply reduced, that too 
would enhance tht prospects for raising consumption in the 
countries where even now basic human needs are not being 
met. 

0ivir2g Up on Nuclear Power 

It has long been known that the^age of oil would not last 
forever, but during much of the postwar period when world oil 
reserves were being depicted so rapidly, most people assumed 
that nuclear power would provide vast amounts of cheap en- 
ergy once the oil wells rap dry. Now most people thin%)ther- 
wisc. At the end of 1980, some 255 nuclear reactors located in 
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over 20 countries jwere operating or at least had licenses to 
operate, but the /vast expansion -of nuclear capacity once 
planned is not materializing.^® 

Current difficulties with nuclear power came about in part 
because the energy source was misrepresented and in part 
because the risks/and costs were not adequately analyzed at the 
beginning. Nuclear power also brings with it a host of special 
problems that do not afflict other power sources. A nuclear 
reactor can melt down, forcing the massive evacuation of peo- 
ple in the sun(iimding area. It produces dangerous, long-lived 
radioactive wastes. Reliance on nuclear power can lead to a 
proliferation of nuclear weapons among countries and raises 
the prospect' of nuclear terrorism. At the same time, it is an 
inequitable source of energy, putting on those living nearest to 
a reactor a disproportionately large share of the risks associated 
with a meltdown. 

As troubling as the prospect of weapons proliferation and 
long^ived wastes may be, the curtain could close on nuclear 
power for strictly economic reasons. The claim that reactors 
would generate "electricity too cheap to meter" is no longer 
made.. As early as 1975, Donald Cook, chairman of the board 
of American Electric Power, the largest U.S. utility, was saying 
that "an erroneous conception of the economics of nuclear 
power'' had sent U.S. utilities "down thewrongroad.''^^ Since 
then, few U.S. utilities have placed orders for reactors as other 
executives have come to share Cook's conclusions. 

Between 1971 and 1978, the real costs of constructing a 
nuclear power plant rose nearly 14 percent per year, compared 
with less than 8 percent for coal-fired plants.^^ Incorporating 
the additional safety features now required in the wake of the 
Three Mile Island accident can only further erode nuclear 
power's economic feasibility. Tndee^d,"Cons6Iidate~d"Edis6n of 
New York announced in late 1980 that it was permanently 
closing its Indian Point Number One plant because it would 
cost too much to make the 18-year-old reactor safe.^^ 
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Nowhere is the declining prospect for nuclear power more 
evident than in the United States, its leading producer. In 
1972, the Atomic Energy Commission^ projected a nuclear- 
generating capacity by the end of the century of 1,016 giga- 
watts, (one gigawatt equals 1000 megawatts) roughly 1,000 
large plants. (See Table 4-3.) When oil prices climbed sharply 
in kte 1973, nun> thought that nuclear power would get a 
boost, but such has not been the case. By 1978, the Depart- 
ment of Energy, which encompassed the old AEC, reduced 
the projected figure to 410 gigawatts, less tlian half ttie level O 
given only six years earlier. Three separate reports in 1980 ^ 
reduced the 1978 projection by roughly half. Takiiig into ac- 
'^count developments in late 1980 and early 1981, year 2000 
consumption may not exceed 115 gigawalts— scarcely a tenth 
of that projected by the Atomic Energy Commission in 1972 
Ironically, bv 1980, firewood had eclips^.d nuclear power in the 

Trble 4-3. Changing Projections of U.S. Nuclear Power Capacity, 
1972-81* 

Year of By End By (y d By Bid By End 
Forecast 79^0 igS^ 1990 2000 

(gigawatts) 

197: 
Atomic Energy 

Commission 1^0 268 460 1,010 

»975 ^ ^ g 

Atomic Industrial I'oruni 90 10: "540 % ^^o 

^978 

Department of Encrg> - 127 :oo 4'0 

1980 

Atonnc hidustrial Forum 5^ ^04 ^8 257 

Denartnienl of Encrgv - 98 no >8o 

Nuclear Regulatorv 

Coni.-mssion 49 95 '-^ *4!> . 

io8i 

WorldWatch InJitutc 49 ' 85 > 120 115 
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U.S. tnergy^Budget— and despite the $36 billion governmental 
subsidy ^iven the latter.^^ ^ ^ 

In itsannual U.S. electricar industry forecast for igS^/^'/ec- 
trical Xi^orld underlines the dire problems facing nuclear- 
generated electricity. In summary/it s^ys, "The aggregation of 
Extraordinary 'interest rates, unprecedented long-range infla- 
tion, federal incifectivcness — or unwillingness— to create the 
necessary climate for a secure nuclear future, the prolonged 
financial decline of most utilities, and.slackening growth have 
succeeded in doing what the most violently anti-nuclear groups 
have failed to dc; They have, at least at the tim^icin^, shut 

. ofF nuclear expansion beyond presently committed units."^^ 
Further, the industry journal projects no new reactot orders ^ 
before 1985 or 1986 at the earliest. With Wall Street turning 
its back 611 the industry, Avith virtually no new plants ordered 
between 1975 and 1985, with nmierous cancellations iikely to 
follow the 18 plants cancelled in 1980, and with agmg older 
f^lants faced with shutdown, U.S. nudcar-gcnerating capacity 
will likely begin declining in the nineties. 

A lack of reliable datab for many other countries makes it 

. someuliat more difficult^to map the changing global outlook 
for nuclear power. But some of the same trends arc evident ^ 
Several countries are abandoning plants in mid-constructionas 
costs ha\e gotten out of hand and as projections of ele^ijf^l 
demand ha\e dropped, W est Germany is entering the sixth 
v.earof an unofficial buteffectivc moratorium on nuclear power 
plant construction.^'* In neighboring Austria, a referendum 
held in 1978 led to a decision not to activate, at least for the 
time being, a large new nuclear-generating plant Other 
W est European countries arc also slowing their sh^ft to nuclear 
power. ^6 Such data a*^ are available for Eastern Europe indicate 
a loss of momentum there as wclP'^ Although the Soviet 
Union remains committeed to nuclear power, plant construc- 
tion there is lagging far behind schedule, Iran*s nuclear pro- 
gram has come to a complete standstill, Brazil's once ambitious 
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plans ha\c been cut back, and South Korpa dramatically down- ' 
graded its nuclear progVam in earl) 1981 in light of soaring 
costs and a projected slowdown in economic growth/'^ Even 
France, whose original program was so ambitious, has begun to 
de-enipbasi/c the role of nuclear power in its long-term energy 
planning. 

One telling sign of the worldwide dijenchantment with nu- 
clear power is the change in the ratio of cancellations to new 
orders. From earlv 1970 to late 1976, plans for some 270 plants 
were announced and only nine orders were cancelled From 
1977 through 1980, 39 new plants were announced and 34 
existing agreements were cancelled. In 1979, the last full year 
for which data are a\ailable, cancellatioos outnumbered an- 
nouMccnieivts of new plants b> 8 to 3 Jt was also the year when 
reactor safetv bc^me a majdrMssue of public concern 

Until the accident at Three- Mile Island in March 1979 
nuclear proponents could argue that the chance of <v meltdow n 
was so small as to be disinissible but now that argument has-lost 
all credence. The political effects of the par.tia! meltdown ma>^ 
be felt throughout the world for vea^s to conic At the tiiiie it 
occurred, 35,000 West Germain who were demonstrating 
against the opening of a nuclear waste-disposal site immedi- 
ateK saw 'Its relevance to their piotest "We all live in Pennsyl- 
vania;' thev chanted, echoing john F Kennedy sflch bin ein 
^ Berliner" of a half generation agcf The risk of serious nuclear 
accidents is apparehtK higher than was earlier believed In. 
August 1980, the British science journal Sature reported that 
Czechoslovakia has liad its own "Three Mile island," an acci- 
dent that ICd to the permanent closing of a nuclear power 
plant 

Nuclear powcF is uiiiquc among pow«r sources in that it^ 
produces a carcinogenic radio^ictive waste tha'^ remains danger- 
ous for thousands of vears, bequeathing risks to our children 
.that will endure for more generations than have ever been 
encoinpaiscd in an> geneaologist's family tree With no pcnna- 
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nent means of waste disposal yet available, the world nuclear 
waste problem literally grows larger day by day. Gus Speth, 
director of President Carter's Council on Environmental Qual- 
ity, outlined the scale of the problem: 'To date some 17,000 
sfJent fuel assemblies, each containing large quantities of 
materials that are highly radioactive and will remain so for 
thousands of years, have accumulated as a result of commercial 
power reactor operations.''^^ In addition to these wastes, most 
of which are stored temporarily in ponds at the reactor sites, 
Speth notes that over 140 million tons of urapium mill tailings, 
which are a source of low-level radioactive waste, are ''strewn 
about the U.S. countr>'side." Just how much it costs to get rid 
of radioactive waste generated by nuclear power plants cannot 
be estimated because there is not yet an accepted procedure for 
doing so. indeed, many geological engineers consider safe, per- 
manent disposal an impossibility. 

Early data developed by industry representatives on the costs 
of nuclear power also negieqtcd the expense of decommission- 
ing worn-out plants, which remain intensely radioactive for 
decades after they are shut down. Estimates of these costs have 
traditionally ranged from $50 to $100 million* per plant 
After fengthy negotiations, the federal government has as- 
sumed responsibility for cleaning up the defunct West Valley 
Nuclear Fuel Processing Plant in New York State— and at a 
cost to taxpayers of- some $22; million over the next nine 
years.**** 

Other neglected costs are oiTly beginning to surface A devel- 
oper who bought 1 8 acres in Canonsburg, Pennsylvania, for an 
industrial park discovered 200,000 tons of uranium tailings 
buried at the site.**^ Because radioactivity issues from the tail- 
ings, the 12 buildings must now be razed, and the radioactive 
material excavated, decontaminated, and buried. The es- 
timated cleanup bill of $20 million is to be underwritten chiefly 
by the federal government, with the Pennsylvania State Gov- 
ernment paying 10 percent of the cost. With 25 such sites' 
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around the. coufttry,.it y/iW be years Wore 'taxpayers ^finish 
paying. for. the cleanup. / • 

Beyorid, these general costs'' to sociejty ot nuclear power^ dis- 
proportjonjijely high financialj risks accrue to people residing 
close to reactors. Although insurance^ companies will insure * 

property against loss from hunicanes/ earthquakes, andv^ther 

catastrophes, they will, not insure against a nuclear accident. 
Following the accident at THree^Mile Island, the Federal In- 
surance Administration (FIA) tried to calculate the financial 
loss if ther|^had been a meltdown ^nd j8oo,ooo. people, had to 

^A>c permanently evacuated.^^ AssumingUhat no medical prob- 
lems or (icat\}i occurred; and without accounting for "the loss 
of productive farmland within the region, FIA calculated that 
the loss would total at least $16.8 billion. Under the Price- 
Anderson Act, passed in 1957 *o protect the nuclear industry, 
liabilities arising out of a nuclear accident cannot exceed $560 
^million. Under this arrangement, the typical homeowners in 
the Three Mile Island evacuation area rould have collected 
only 3.3 percent of their $67,500 average loss."*^ 

Nuclear reactors were until recently fueled only with ura- 
nium, but they can also use plutonium recovered from nuclear ^^^^/^ 
waste as fliel. Although this approach does help with the waste^ 
management problem, it also heightens the risk of weapons 
proliferation and nuclear terrorism. While uranium must he 
subjected to a complex treatment process before,jt can be used 
to .fashion a bomb, plutonium can be ased directly. 

Victor Gilinsky, a member of the U.S. Nuclear Regulatory 
Commission, has chronicled tfie emerging concern with the 
potential shift to plutonium.^^ Originally, it was thought that 
the plutonium contained in spent fuel (and now accumulating 

. in temporary storage facilities around the world) could be re- 
prdcessed and then recycled. Gilinsky points out that this was 
. viewed as a "natn'':l, legitimate, desirable, and even indispens- 
able result of the exploitation of nuclear power for the genera- 

' tion-of electricity." This policy, which made it difficult to ^ 
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contain the spread thrwghout the woHd of. this explosive 
weapons-grade.n}aterial, was first questioned seriogsly by the 
United States/In October 1976, President Ford' declared that 
''the .United States should no longer regard reprocessing of 
used nuclear fuel to produce plutohium as a necessary and 
inevitable step and that we should.^ pursue reprocessing and 
recycling in the future only if they are found to be consistent 
with our international objectives."^^ Ford further said that if 
the choice came to that between proliferation and plutonium, 
"avoidance of proliferation must take precedence over eco- 
nomic interests/' ' ^ 

In a plutonium-fueled economy, the risk of terrorism 
becomes all but uncontrollable and the specter of being held 
hostage by political radicals all too real. With millions of 
pounds of plutonium coursing, through the international arter-' 
ies of commerce and detailed technical information no farther 
away than a photocopier, designing a nuclear explosive device 
becom^es.undergraduates play. Indeed, In late 1976 a Prince- 
ton undergraduafe made headlines when he wrote a paper that 
contained accurate instructions for constructing a bomb.^o In 
an age of hijackings, embassy invasions, and political assassina- 
tions, discountingjthe possibility of nuclear terrorism amounts 
tQ a misguided dct.or* misplaced faith. 

Taking the threat of nuelear terrorism seriously, the U.S. 
Governmept has formed a team to respond to nuclear bomb 
threats and other nuclear emergencies at a cost so far of $100 
million.5^ The Nuclear Emergency Search Team (NEST), 
headquartered at Andrews Air Force Base and in the Nevada 
desert, responds to nuclear bomb threats of which there have 
been at least a score in recent years. The ability of such a group 
to eliminate the terrorist hazard is, however, doubtful With 
sabotage or terrorism a genuine possibility, the pressures to take 
command either to foxcstall or manage an emergency could 
force political leaders to*choj^e between safety on the one 
hand and freedom on th'e" ^other. Confronted with possible 
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annihilation, people might well voluntarily surrender individ- 
ual libert)' in exchange for a stronger guarantee of protection. 
Such a hard bargain could lead to unrelenting Surveillance and , 
repression. ^ _ ^ . *. ' 

As more information on nuclear energy becomes available, 
as nuclear economics becomes better understood, and as the 
political risks of using nuclear power come into sharper focus, 
more and more people are having second thoughts about nu- 
clear energy's feasibility. Many of them have come to share the 
opinion of Harvard biologist George Wald: **The whole nu- 
clear business . . . represents a disastrous turn for humanity 
The rising tide of concern has led to the formation of anti- 
nuclear groups throughout Western Europe, the United 
States, Canada, and Japan. In, Brazil, the scientific community 
is expressing doubts about the practicality of nuclear power for 
Brazil." In the Soviet Union, Nikolai Dollenzhal, a leading 
authority on nuclear power, has publicly questioned his govern- 
ment's decision to rely heavily on nuclear energy, particularly 
in the more densely populated regions. 

Nuclear power's now tenuous foothold was established be- 
cause it was sold to the public as the only answer to humanity's 
future energ)' needs. But the public is wiser now, and far more 
attractive alternatives have enierged, as we shall later sec 
While phasing out nuclear pawer over the next couple of 
decades will require the courage it takes to own up to a mistake, 
it is not too late to cancel our order for a nuclear-powered 
society and a plutonium economy. Enough buyers a^tc now 
wary. ^ 

Coal: The Stopgap 

Coal was the world's leading commercial fuel from the early 
days of the Industrial Revolution until 1967 when it was dis- 
placed by oil. Coal was overtaken by oil not because coal 
production declined, but because petroleum output grew so 
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. rapidly. Although world coal production— estimated at 3.1 bil- 
lion tons in 1980— is the energy equivalent of scarcely two- 
thirds of oil production, coal still enjoys a orominent position 
in the world energy budget.55 More important, only coal can 
see us through from the petroleum culture to the solar culture 
that .must evolve if our society is to endure. 

The world over, coal is used to generate electricity, to pro- 
duce steel, to develop process steam for industrial uses, to 
power trains, and to heat residential and commercial buildings. 
But patterns of use vary widely among countries. In the United 
States, nearly four-fifths of the coal consumed in 1980 was used 
to generate electricity, and vgtually all of the remainder was 
used by indusfry.^^ Little poal is now used for residential and 
commercial heating, and it has lost its place in the American 
^ transportation system. In contrast, the world's three most 
populous countries— China, India, and the Soviet Union- 
have rail-based transportation systems that rely heavily on coal. 
And in China, one of the world's leading producers of coal, it v. 
is still widely used for heating, particularly in cities.57 

One reason oil displaced coal during the postwar period is 
that it is easier to handle and transport. Unlike oil, coal has 
never been widely traded at the international level. Indeed, 
only 9 percent of the>orld's coal output crossed national 
borders in 1979, compared to 54 percent of world oil output. 
Coals growing importance derives not from any special attrac- 
tions as a fuel but from its relative abundance compared to 
remaining reserves of oil and natural gas. But while vast quanti'- 
ties of coal are believed to underly the earlh's surface, only 600 
billion tons (or 136 tons per person for the 1980 world popula- ' 
tion) is considered economically recoverable. These reserves 
are equal in energy content to 3,000 billion barrels of oil, or 
roughjy five times the, world's proven reserves of oil. 

Fully four-fifths of the world's known coal reserves are con- 
centrated in three regions— the Soviet Union and Eastern 
Europe, the United States, and China.^o Most of the remain- 
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ing reserves are in Western Europe, Australia, and India, while 
known reserves in; all of Africa save for South Africa and in 
South America are quite limited. Because coal reserves are 
concentrated in large populous countries, in contrast with oil, 
the potential for international trade is much less^i^' 

Since 1950, world coal output has increased rattier steadily^ 
expanding from 1.5 billion metric tons annually to nearly 3 
billion tons. Among. the world's leading coal producers, the 
United States ranks first, producing well over 600 million tons 
per year.6^ The Soviet Union and China run a close second and 
third. In terms of exports, the United States, Poland, and* 
Australia head the list. Current U.S. production is up from a 
modern low of 366 million tons in 1959. 

As oil production dwindles, coal production is likely to ex- 
pand to fill some of the gap. In particular, coal could be ex- 
ploited more fully in electrical generation and synthetic fuels 
production. Many major oil-importing countries are now sys- 
tematicall) converting electrical generating plants, retrofitting 
them to burn coal instead of oil. In the United States, the 
world's largest oil consumer, rising oil prices augmented by 
government sponsored financial incentives are prompting utili- 
ties to switch from oil to coal In Europe, the shift is also rapid 
For example, V\ est German) has embarked on ambitious plans 
to replace oil with coal in electricity production and to convert 
coal mto gasoline and chemical industry feedstocks In 
Japan, which imports both oil and coil, ten of the country's 
oil-fired generating plants were slated for conversion to coal in 
igSoalone/'^ 

\\ orld production of liquid fuels from coal promises to grow 
slowlv during the late eighties and more rapidly during the 
nineties. So far. South Africa is the only country obtaining a 
significant share of its liquid fuels from coal When the third 
South African Coal, Oil and Gas Corporation (SASOL) coal 
liquifaction plant comes on line, close to 40 percent of South 
Africa's liquid fuels uill be derived from coai.^** But the United 
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States,.West Germany, and japan are also vigorously research- 
ing nev/ technologiesior converting coal into liquid fuel, as are 
numerous international oil companies. 

Given the various technological and- cost uncertainties as- 
sociated with the production and use of synthetic fuels derived 
from coal, projection^ of coal to be used for liquid fuds vary 
widely. Coal: Bridge to the Future, edited by Carroll Wilson 
and his colleagues on the world coal study feajn, projects that 
, ^ ,the demand for coal as a synthetic fuel feedstock kthe indus- 

trial West and Japan will be between 74 million tons and 335 
million tons in th£\'ear 2000.^^ lower estimate assumes 
that 15 large-scale%nfuel plants (each with aj production ca- 
pacity of, 50,000 barrels per day of oil equivalent) will be operat- 
ing at century's end, while the higher estimate assumes 67 such 
plants will be on line. Even allowing for some cpal-liquefaction 
operations elsewhere, coal's use in liquid fuels production two 
decades from now is, not likely to account for more than a tiny 
fraction of total coal use. 

The principal constraint on the future use of coal is likely 
' to be environmental degradation. Coal burning, whether for 
generating electricity in the United States or heating homes in 
urban China, generates toxic pollutants and raises atmospheric 
carbon dioxide. The sulfur dioxide produced combines with 
moisture* in .the atmosphere to produce acid rain, to which 
fresh water lakes are especially vulnerable. Carried by the pre- 
vailing rains, acid precipitation dan.ages lakes that are hun- 
oreds and even thousands of miles from the point of origin. In 
Canada, where acid rain is delivered by the prevailing winds 
from industrial regions in the United States, acid rain could 
destroy fish in an estimated 56,000^ lakes by the end of the 
century.^^ Scandinavia is the recipient of acid rain from the 
United Kingdom and Wectern Europe. In a study of 1,500 
lakes in Norway, 70 percent of the highly acidified lakes (those 
with a Ph below 4.3) were devoid of fish.^^ a survey of the 
high-altitude lakes in the Adirondack Mountains of New York 
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found that in half of them acid deposits had eliminated fish.^^ * 

Acid rain also affects crops. Air pollution from coa! burning 
and, to a lesser extent, oil combustion is already affecting crop 
production in many parts of the United States. Air pollution 
can damage crops directly and, through its effect on soils, 
indirectly. Crop damage attributable to air pollution has been 
reported in every one of New Jersey's 21 counties.^^ In Califor- 
nia, experimental trials showed that ambient levels ofaJr pollu- 
tion reduced yields of alfalfa by 38 percent, lettuce by 42 
percent, and sweet corn by 72 percentJ^ In Massachusetts, it 
reduced bean yields by 15 percent and tomato yields by 33 
percent. Clearly, any long-term energy strategy must take into ^ 
acc(iunt acid rain's effect on fresh water fisheries and crop 
production. 

Carbon dioxide build-up also poses a more serious problem 
with coal than with oil or natural gas because coal, with its 
higher carbon content, generates more carbon dioxide per unit 
of energy produced. Precisely how a continuing build-up of 
atmospheric carboii dioxide will affect climate is not known, 
but most meteorologists believe that it would bring a planet- 
wide warming. 

Turning to coal as a transitional fuel is not without its risks, 
but none of them appear large when compared with those 
associated with nuclear power. The political winds clearly favor 
coal. Yet, it is an exhaustible resource, so tho?fi,who invest in 
it now must later in\c^ in cnerg) alternatives as coal reserves 
dwindle. 

Beyond the Age of Gil 

No one knows exactly, when the oil age will end, but the 
beginning of the end is already in sight. If oil production were 
constrained only by physical limits, output could climb^nuich 
higher. But powerful economic, political, and psychological 
constraints are also at work. Oil prices already keep manV 



93 . 



86: Building a Sustainable Society 

countriesiroin using as inucli oil as they once did, even as these 
same high prices have made investments in conservation mea- 
sures profitable. At the same time, coal is being substituted for 
oil in electrical generation and other processes too vital to be 
left in jeopardy by an unstable oil n^arket. 

Political disruptions, particularly in the highly volatile Mid- 
dle East, are also influencing production levels. Future conflicts 
inv'olving oil-producing countries are almost inevitable, as are 
politically motivated oil-export embargoes. Add depletion psy- 
chology to political and economic imponderables and the un- 
certainty of predicting oil production's immediate future hum- 
bles even oil experts. Nevertheless, common sense suggests that , 
production in the near-term should fall so as to extend petro- 
.leum's lifetime as long as possible. The key question seems to 
be whether the long-term decline in world oil output will be 
gradual and orderly or irregular and disruptive. 

In per capita teru^, the trend is clear. World oil consump- 
tion per person has unquestionably already begun its long-term 
and irreversible decline. (See Table 4-4 ) From ifie high of 46 
percent in 1973, oil's share of the global ene/gy budget had 
fallen to 42 percent in 1980. 

With that decline, coal's share has begun to increase After 
falling from 63 percent of the total in 1950 to 3> percent in 
1978, the coal share rebounded to 33 percent in 1980 and now 
promises to climb steadily. In comparison, roughly 20 years 
after the .first nuclear power plant started to generate electric- 
ity, nuclear powei's overall contribution finally reached 2 per- 
cent in 1975. Although a numbfcr of plants are still under 
construction, it now seems likely in many countries that e'^o- 
noniic and social pressures will keep this beleaguered source of 
power from growing much^beyond the capacity new under 
construction. ' 

, Mucji has been made of the potential of nuclear fusion as 
a futdrc source oi power but unfortunately, the soaring con- 
.struction costs that are sounding the death knell for nuclear 
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Tabic 4-4- Share of World Co^iimercial Energy Use Supplied by 
Fossil Fuels and Nuclear Power, 1950-^' 
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fission nia> be an even greater handicap for the more complex 
fusion technology . B> the time fusion power is technologically ^ 
developed enough to commercialize, it may already ha\'e be- 
come an economic uhite elephant, too costly ever to be seri- 
ously pursued. Bv that time, advances in wind power, photovol- 
taics, and other sources of electricity may make them far more 
attractive economically. . 

A look at all sources of energy shows that world commercial 
energy production expanded during the fifties and sixties at 
roughly ; percent per year. (See Table 4-5.) As tl:e growth in 
pi! production slowed and leveled off during the seventies, the 
growth in commercial energy production fell sharply, averaging 
only 3 percent annually for the decade. In per capita ^erms, the 
decline uas even more dramatic, falling by nearly two-thirds 
from the fifties to the seventies. 
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Table 4-5. Annual Growlh in Woil^ Conuncrcial Energy Use by 
Ekcade, 1950^* t 

Decade Annual Per Capita 

Decade Rate Rate Annual Rate 

* ' (percent) 

1950-60 70 5-4 ' 37 
1960-70 58 47 . -'S 
1970^ 36 '-3 

♦Includes coal 01!, lutural ga$, and nuclear powcj Electricity from all sources cal- 
cubtcd in terms of coal required to produce cquiwlwit amount 
Source: United Nations 

As the eighties begin, it seems clear that oil production will 
not increase much more, if al all Coal production is continuing 
, to increase but coal, like oil, is exhaustible. While coal can 
bridge the gap to a sustainable society, it canaot itself be the 
foundation of such a society. Countries that invest in a coal- 
based economic system will inevitably face the costs of switch- 
ing fron) coal to renewable energy sources. With this realiza- 
tion, and with each new report on the effects of acid rain and 
cacli reminder of the potential climate alterations associated 
with coal, the temptation to switch directly from oil to renew- 
able encrg>' sources will grow. Meanwhile, remaining coal re- 
serves will help us buy a solar future, the only purchase worth 
the last of our fossil fuel inheritance 
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Each threat to the sustainability of society— cropland degra- 
*dation, the deterioration of basic biological systems, and the 
depletion of our petroleum inventory— affects the food pros- 
pect. Anything that shrinks the cropland base or reduces its 
inherent productivity . makes eliminating hunger harder. 
Overfishing and overgrazing directly affec^ the long-term food 
supply, while deforestation affects it indirectly by accelerating 
erosion and by forcing Third World villagers to Jburn cow dung 
• arid crop residues for fuel. 

. As)l\? oil outlook changej, so. too does the food prospect. 
The era of cheap oil that helped underwrite the explosive 
/ growth in world food outputduring the century^s third quarter 
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is now hrstory. The depletion of^ reserves makes it more 
difficult to expand food production, even as the need to shifty 
alterriative energy sources is setting up a new competition 
between the energy and food sectors foragricultural resources.^ 
As these pressures converge, the worldwide effort to expand 
food production is losing momentum: The grain surpluses ac- 
cumulated in food-exportmg countries during the fifties and 
sixties have disappeared. Even though idled U.S. cropland re- 
cently has been returned to production, world food supplies are 
tightening and the slim margin between food production and 
population growth continues to narrow. 

The Loss of Momentum ' 

The middle of the twentieth century was a watershed in the 
evolution of world agriculture. From the beginning of agricul- 
ture until 1950 most increases in food output came from ex- 
panding the area under cultivation. Since then, most hSve 
come from raising yields on existing cropland. This'drive to 
raise yields has made agriculture increasingly energy-intensive. 
Chemical fertilizers, irrigation, and mechanization — the pri- 
mary means of expanding production — are all energy-inten- 
sive. In effect, as the frontiers disappeared, farmers learned to 
substitute energy for land^ 

The disappearance of frontiers notwithstanding, mid-cen- 
tury also marked the begingjng of an unprecedented growth in 
food productiofh-Between^950 and 1971, the world's farmers 
increased grain' production from 631 million tons to 1,237 
million tons. (See Table 5-1.) In just 21 years, they nearly 
doubled output. In per capita terms, this period was also one 
of impressive progress. World cereal production per person 
climbed from 251 kilograms in 1950 to. 330 kilograms in 1971, 
a gain of 31 percent. Diets improved measurably in many 
Third World countries, and consumption of livestock products 
climbed steadily throughout the industrial world. 
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table 5-1. World Grain Production, Total and Per Capita^ 195P-80 
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1432 


324. 



Source. U S. Depart men I of Agncnitiirc and United Nations. 

Since 1971, gains in output have batjely kept pace with 
population growth; production per person has fluctuated 
widely but shown little jeal increase. Indeed, per capita grain 
production of 324 kilograms in 1980, an unusually poor har- 
vest, ^was actually lower than the 330 kilograms of 1971. As 
food prices have climbed, diets have deteriorated in some 
Third World countries, especially among landless laborers and 
the urban poor. In some industrial societies, tightening grain 
supplies have led to a drop in per capita consumption of beef 
and other livestock products. 

The long postwar period of food-price stability came to an 
end with the massive Soviet wheat purchase in 1972. The 
largest food-import deal in history, it signaled the beginning of 
a new e*ra. Within months, the world price of wheat had 
doubled and famine had returned to the Indian subcontinent, 
Africa, and elsevhere after a quarter-century absence. 
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Shortfalls in harvests prevented until 1976 21 rebuilding of 
the^^world food,reserves depleted in 1972; With some, uncom- 
monly good harvests in the late seventies, theJood;situation 
then stabilized temporarily. But in.i98c,:a fxwrharvest ihnhe 
Soviet Union and a mediocre one in the United States resulted 
in a drawdown of world food ireserves to a near-record low, 
Inefficient agrarian structures, soil erosion, the conversion of 
prime cropland to nonfarm uses, the falling yield response to 
chemical fertilizers in the agriculturally advanced countries, 
and rising energy costs— all contributed to the slower growth 
in food output. 

The North American Breadbasket 

More and more countries in which grain production has not 
kept.pace with demand have come to rely on North America's 
exportable surplus. (See Table 5-2-) Prior to World War II, 
Western Europe was the only grain-importing region. North 
America was not the only exporter nor even the leading one. 
During the late thirties, Latin American grain exports were 
nearly double those of North America, and Eastern Europe 
(including the Soviet Union) was exporting five million tons 
annually, the same amount as North America. All this has no\y 
changed beyond recognition. Asia has developed a massive 

Table- 5-2. The Changiit^ Pattern of World Grain Trade* 



Region 




c 1948-^2 


ig6o 


J 970 


igSo 






(million metric tons) 




North America 


+ 5 


+ 23 


+ 39 


+ 56 


+ 131 


Latin America 


+ 9 


+ I 


' 0 


+ 4 


- 10 


Western Europe 


-24 ' 


«p- 


-25 


-30 


- 16 


E. Europe and USSR 


+ 5 


0 


0 


0 


- 46 


Africa 


+ I 


0 


— 2 


5 


- t5 


Asia 


+ 2 


- 6 




-37 


- 63 


Australia and Z, 


+ 3 


+ 3 


+ 6 


+ 12 


+ 19 



sign indicates net .exports; minus sign, net iinporls. . . . 

Source: Food and Agriculture Organization, U S. Department of Agriculture, and 
author's estimates. 
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deficit. Africa, Latin America, and Eastern Europe all import' 
food. Westefi) Europe, consistently importing 15 to 30 million 
tons, has been the most stable element throughout the period. 
North America's emergence's the world's breadbasket began 
in the. forties. The scale of exports expanded gradually, during 
the fifties and sixties, but then more than dj)ubled during the 
seventies as scores .of countries began to lose the capacity to 
feed theniselves: . 

This dramatic transformation of intercontinental food flows 
reflects wide differences in. population growth, widely varying 
levels of agricultural management and, in many countries, a 
rate of sojl erosion that is draining cropland of its fertility. As 
recently as 1950, for example. North America and Latin Amer- 
ica had roughly equal populations— 163 and i(S8 million, re- 
spect ively. But while North America's population growth has 
tapered off substantially since then, Latin America's has es- 
calated. Mexico, Venezuela, Peru, and Brazil all have pop- 
ulation growth rates of close to 3 percent per year. Ha.d 
North America's igjo population expanded' at 3^percent per 
year, it would have reached 395 million in 1980 (rather than 
the actual 248 million) and absorbed virtually air the region's 
exportable surplus, leaving it struggling to maintain self-suffi- 
ciency. 

Today, over a hundred countries rely on North American 
grain. The worldwide movement of coiintries from export to 
import status is a much travelled one-way street. The reasons 
vary, but the tide is strong: No country has gone against it since 
World War H. Litefally scores of countries have become food 
importers, but not one significant new. exporter has emerged. 

Not only are more countries joining the legions of importers, 
but the degree of reliance on outside supplies is growing. More 
and more nations, both industrial and developing, are import- 
ing more food than they produce. Among the countries that 
now import over half of their grain supply are Algeria, Belgium, 
Japan, Lebanon, Libya, Saudi Arabia, Senegal, Switzerland, 
. and Venezuela. Other countries rapidly approaching primary 
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dependence on imported foodstuflFs include Costa Kicd^ Egypt, 

(Portugal,. South Korea, and Sri Lanka!^ 

; For most countries, the need for imported food is more likely 

tto increase than decrease. 4gricultural\mismanagernent and 
inefficiency has taken its toll on food production,, particularly 

;in .the ThiVd -World and the centrally planned economies of 
Eastern Europe. It is difficult, for example, to see, how the 
Soviet Union can avoid'importing even more grain in the near 
future. In the late thirties, the Soviet Union and Eastern 
Europe still had a regional export surplus of several million tons 
of grim yearly. But since then, the food balance has slowly 
shifted. Throughout the sixties, the Soviet Union teetered on 
the brink of food self-sufficiency, sometimes as exporter, some- 
times as importer. But with Moscow's decision in 1972 to 
offset crop shortfalls by importing grain rather than by slaugh- 
tering* the livestock herds, the Soviet Union ^emerged as a 
chronically food-deficit country. During the .mid-seventies, 
grain imports averaged 9 million tons per year. Late in the 
decade, they were averaging some 20 million tons per year.^ 
Even though U.S. grain shipments to the Soviet Union were 
restricted in January of 1980 following the Soviet invasion of 
Afghanistan, the Soviets began the new decade by importing 
31 million tons of grain in its fiist year, mpre than any country 
in history. 

Although the Soviet Union has the largest cropland area of 
any country, the inefficiency of its agricultural system repre- 
sents a problem Moscow planners seem unable to solve. The 
factory-style organization of agriculture on the state farms and 
the size of the collectives weaken the Jcey link between effort 
and reward for those who, work the land. Consequently, pr9- 
ductioh on Soviet agricultural collectives and giant state farms 
cannot approach that of the family-farm system that dominates 
West European and North American agriculture. 

Other countries also face rapidly growing deficits. Egypt has 
little ppportunity for expanding its agriculturaFbase^and yet its 
popuiationls growing rapidly. According to the International 
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Food iPolicy Research Institute projections, ^Jigeria will have 
a food deficit of at least 17 million tons of grain in 1990 if 
recent trends continue. Mexican grain imports are growing by 

Jeaps and bounds, and unless Mexico loses "an even larger frac- 
tion of its population through illegal migration to the United 
States, this trend is likely to continue.^ The story is furidamenr 
tally the same in scores of countries. 

Although the need for imported grain is projected to con- 
tinue growing, the capacity of North America to respond^ 'to 
these demands may ultimately be ovenvhelmed. The disap- 
pearance of idled cropland, the growing use of U.S. grain in 
alcohol fuel distilleries, and the projected decline in irrigated 
acreage in key farm states will all make it more difficult to 
sustain the rapid growth in North American exports on which 
the world has none too wisely ^come to rely. 

Behind this trade issue, a philosophical debate is beginning 
to emerge on the wisdom of mining soils in order to meet the 
ever growing world demand. Many agricultural analysts and 
environmentalists now argue that it makes little sense to sac- 
rifice a resource that has been a source of economic strength 
since colonial days merely to buy a few billion barrels of oil 
Others contend that the current generation of farmers has no 
right to engage in the agronomic equivalent of deficit financing 
and thus mortgage the future of generations to come. The 
current trend is fraught with risks both for those whose liveli- 
hqpds depend on land being productive and for those in coun- 
tries dependent on food imports that will dry up if the mining 
of soil continues. Even for the importers, lower imports and a 

' reduction in pressure on North American soil resources in the 
short term would *be better than losing the region's export 

\capacity over the long run. 

drqwmg Food Insecurity 

\^ 

From the late forties through the early seventies, 'the world 
enjoyed an unprecedented period of food security. Carryover 

\ 
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^Stocks of grain, held largely by lh6 principal exporters, and 
cropland idled under farni programs in the United States ac- 
counted for that security. Grain ;carry-over stocks — the grain in 
bins when the new harvest begins — were available for use when 
needed? Idled U.S. cropland could be brought back into pro- 

.duction; within^ year. Together^ these two- reserves provided 
security for all mankind, a cushion against any imaginable 
disaster. \ 

As recently as 1969, the amount^ of grain that either was held 
in storage or that could be produced within a season on idled 
U.S. cropland amounted to 91 days of world consumption. 
Following poor harvests in key producing countries in 1972 and 
1974, world reserves fell to only 46^ days. (See Table 5-3.) At 
this level, grain stocks constituted Jittle more than pipeline 
supplies, barely enough to fill the supply line between the 
farmer and the ultimate consumer. 



1 able 5-3. Index of World Food Security, 1960-80 











Reserves 




Reserve 


Crain Equiv. 




as Days 




Stocks 


of Idled 


Total 


of World 


Year 


of Craiu 


U.S. Cropland 


Reserves 


Consumption 






(million metric tons) 




(days) 


i960 


198 




\ 234 


102 


1965 


143 ' 


70 


,213 


80 


1970 


, 165 


71 


236 


77 


197 1 


. ',.83 


46 


, 229 


73 


1972 


♦ 142 


78 


220 


66 


1973 


»47 




172 


5> 


1974 


132 


4 


.36 


40 


1975 


138 




141 


40 


1976 


192 


3 


195 


55 


1977 


191 


1 


i<)-i 


51 


1978 


. 228 


21 


249 


' 62 


1979 


191 




206 


51 


1980 


>5» 


0 


i5> 


40 



Source: Worldwalch Imtilulc, derived from USDA data. 
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The world. enters the eighties with only one of^the two- \ 
traditional reserves— carryover stocks of grain. For^the first. 
time in a generation, there is no cropland idled under U.S. 
farm programs. The loss.of this reserve, which provjded secu- 
rity for the entire world, may be permanent. Carry(^ver stocks 
of grain in-1980 amounted to 40 days of consumption. In 1981 , 
they are expected to fall further. Except for i974|and 1975, 
when reserves fell to 40 days of consumption after l)ad weather 
reduced the harvest, food supplies have not been this low since 
World War 11. ' I 

' World food insecurity was exacerbated by the extensionVbf 
agriculture onto marginal lands. While climate ^lias changed 
little in recent years, the vulnerability to climatic anomalies is 
undoubtedly increasing. Meteorologist Kenneth Hare observes 
that "the Sahelian drought in Africa, for example, had several 
predecessors over the previous 500 years. What has changed is 
the vulnerability of the human economy.'"* j 

Global food insecurity mounts^ inexorably as agriculture is 
extended into marginal areas because the food 'economy is now 
global. Although the Soviet "Virgin Lands" are a major source 
of bread for Soviet tables, they are in an area qf light and highly 
.variable rainfall, subject to crop failure in one year of every 
three or four. When the decision was made in Moscow to 
offset these periodic shortfalls by increasing imports, the in- 
stability that 'had beefl confined to the Soviet food econoiny 
began to affect the supply and price of /food for the entire 
world. / 

Soil erosion also contributes to food supply instability. 
When the organic matter in soil is reduced as a result of 
erosion, the soil's water-retention capacity declines so that the 
land becomes more vulnerable to short-term dry spells, A study 
by- the. U.S. 'Center for Environmental Assessment Services 
showed that eroded soils that had a y^eld 30 percent less than 
a non-eroded control plot also had a, yield that was four times 
more variable.' Too often, efforts tO;expand output by extend- 
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ing cultivation onto marginal land increase harvest variability 
and global food insecurity. 

Another source of world food insecurity is the dependence 
of the entire world on North America for food supplies. This 
unhealthy dependence has' both meteorological and political 
dimensions since' both the United States and Canada are 
affected by the same climatic cycles and since heavy depen- 
dence on any two countries fon,grain vests these countries with 
extraordinary political power. Bath the United States and Can- 
ada already embargo the export of grain under certain condi- 
tions. The United States halted grain shipments to both the 
Soviet Union and Poland in the fall of 1975 because grai^ 
prices at home were rising tod fast while Canada refused to 
license wheat exports in 1975 until it could more precisely 
determine the size of its harvest.^ 

Stripped of its reserves, the international community can no 
longer be counted on to respond effectively to crop shortages 
in poor countries. During the^fifties and the sixties, the story 
was quite different. Then, the United States intei^ened unilat- 
erally with food-aid shipments wherever famine threatened^. 
For example, after consecutive monsoon failures in India in 
i965land 1966, the United States shipped a fifth of its jA^heat 
crop to that country two years in a row to avert famine. 

The food scarcities and oscillating grain prices of the seven- 
ties affected all countries, but the ^poorest ones suffered most. 
One of the hardest hit was Bangladesh. With two poor harvests 
during the seventies, Bangladesh saw death rates climb sharply 
twice. An estimated 427,000 lives were lost in 1971/72 and 
another 330,000 in 1974/75.^ ^ 

India too was hard hit during the seventies. After a weak 
monsoon and a poor harvest in 1972, the Indian Government 
discovered that the Soviet Union had tied up most of the 
world's exportable wheat supplies, leaving little for India to use 
to offset its poor harvest. Thus, the Indian Governrpent sat by 
helplessly while food consumption fell and death rates clinibed. 
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The increase in deai^ rates above the previous year in the three 
poorest states of Uttar Pradesh, Bihar, and Orissa claimed an 
estimated 829,000 lives.® This loss of life in India alone far 
exceeded/the total combat fatalities suffered in any war since 
World: War 11. 

During the seventies, hunger also took a heavy toll in Africa, 
where a prolonged drought in \hc Sahql brought the deteriorat- 
ing food situation into sharp focus. Senegal; Mauritania, Niger, 
Upper Volta, Chad, and Mali— all lost lives. No one knows 
exactly how many died of starvation and hunger-related dis- 
ease, though Cornell nutritionist Michael Latham testified be- 
fore' the U,S. Congress that the number may have been in 
excess of ioo,ooo.^iFurther cast in Africa, the ecological deteri- 
oration ot Ethiopia's food system was also made all too appar- 
ent by a drought that claimed an estimated 200,000 lives and 
brought Haile Selassie's 47-year reign to an end.|^ In Somalia, 
too, thousands died of severe malnutrition and disease in 1975; 
many of them perished after they reached relief camps. 

Although grain stocks were partially rebuilt in the late seven- 
ties, after these calamities occurred in Africa and Asia, the 
global supply— deniand'felance remains delicate, as the sensi- 
tivity of commodity/prices to weather reports indicates. Now, 
a poor harvest in a major producing country can set off a wave 
of global inflation/in poor countries, where rising food prices 
can-push death iates upward, reduced harvests can have a 
demographic, ^s'^well as an economic, impact. 

Following tlie grim experiences of the early seventies, the 
United Nations convened a World Food Conference in Rome 
in November 1974. In addition to the general agreemei^t^n 
a greate/'^effort to expandHvorld food output, there was also 
agreement on the need to create^q international food reserve. 
After vears of negotiation, little progress has been made. In late 
iq8o the United States passed the Food Security Act which 
^finally establishes a modest food reserve with an initial input 
' of four million tons, to assist countries experiencing severe food 



o . / 107 



100: 



Building a Sustainable Society 



shortages. This aside, the international community has made 
little progress in building an effective international food re- 
serve. 

Land Productivity Trends 

In a world where 70 million new residents are added each year 
and where little fertile land awaits the plow, land productivity 
is the key to the food prospect. From the beginning of agricrl- 
ture until World War M, productivity edged upward oniy 
slowly, sometimes remaining static for Jong stretches. Rice 
yields in nineteenth .century Japan, for instance, were only 
marginally higher than those obtained during the fourteenth 
century. U.S. corn yields during the 1930s were no higher than 
tKose during the 1860s, the first decade for which reliable 
yields estimates are available. 

Following World War 11, however, crop yields began to rise 
in a sustained,^ systematic fashion in virtually every industrial 
country. During the sixties, the introduction of the fertilizer- 
responsive varieties of wheat and rice enabled many Third 
World countries^ to raise food output per hectare too. Between 
^ mid-century and the early seventies the steady rise in cereal 
yiel'i per hectare was one of the most predictable trends in the 
world economy, increasing at an average cf 2.2 percent annu- 
ally. Since 1970, however, the rate has fallen to 1.5 percent per 
year. (See^Table 5-4.) 

Table 5-4. World Production, Harvested Area, and Yield of Cereals, 

1950-80 



Year 


Production 


Area 


Yie! 


/ 


(million 
metric tons) 


(niillion 
hectares) 


(metric tons 
per hectare) 


i960 j 
1970 j 
1980 1 


631 
863 
M37 
1432 


601 
682 
704 

758 


1.05 

1.62 
1.89 


Source: l/S. Department of Agriculture 
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Numerous factors appear responsible for the slower rate of ^ . 

^ yield, increase. In the great majority of situations, the new ^; 
cropland being brought under the plow is 9 Wower ^quality ih^n . 

.the land already in use. Often the marginal land added replaces 
the.prime land that is continually being withdrawn hjnon- 
farm uses, leading to 'reductiph in land qualit^hat^Vnot 
'evident from data on'overall cropland area. / " 

Also sapping farmland productivit/is the reduction of fallow 
area in dryland farming regions. As world^heat prices rose 
between 1969 and 1974, U.S. summer J^bv/ land dropped 
fromay million hectares to 13 million." This shrinkage led 
Kenneth Grant, then head of the^dil Conservation Service, to ^ 
warn' farmers that .the other side 'of the lure of record wheat 
prices and' short-term gains is the sacrifice of the land's long- 
term 'productivity.^^ The stresses -are evideV^ other dry- ^ 
land farming regions as well. The U.S. Agricultural Attache 
in Moscow reported a strikingly similar reduction in (allow 
land in the Soviet Unipn from 17. million hectares to 12 
million after the massive crop shortfall and heavy imports of 

In tropical and subtropical regiojis, 'Where fallowing has 
evolved as a method of restoring fertility, mounting population 
pressures are forcing shifting cultivates to shorten rotation 
cycles and thus to undermine^the land's productivity. For ex- 
-ample, in Nigeria, where fartning has-been expatiaed' onto 
marginal land and fallow cycle^ shortened) cereal yields, have 
been falling since the early sixties. A World Bank study of \ 
^ Nigeria reports that "fallow periods ilnder shifting cultivation , 
liave become too short res^torc-fertility in some area^."^'' In 
some locales, ffi? original crcjppi'ng. cycle of loto i jjeafs has 
•already been/educed to fivd. , • 

While the sliort'ening of jallow cycles, is rediicmji land pro- ^ 
ductivity in some cowii tries, S<Jil erosion is reducing iflp others. 
One of the big unknowns facing agricultural analysts is how 
rapidly excessive soil erosion will ro^Oce land productivity. If 
this erosion continues in the U.S. Corn Belt, the U.S. Depart- 

109, '■ ■ ' -' 



102: 



Building a Sustainable Society 



ment of Agriculture cstinmtc^ that "potential corn and soy- 
bean yields would probably be reduced by 15 to 30 percent on 
some soils by the year 2030/* A study of tl^c erosion of Pied- 
mont soils in Georgia showed a six-inch loss o^Rjpsoil reducing 
average yields 41 percent. A sinjilar degree of erosion in West 
Tennessee led to a 42 percent drop in corn yiclds.^^ 

Some agricultural scientists believe that inherent biological 
constraints will eventually restrict crop yield per hectare. One 
analyst of tliis issue, Louis Thompson, Associate Dean of 
Agriculture at Iowa State University, has, plotted the aver- 
age com yields recorded on several experimental stations 
in Iowa from 1958 to 1972, as well as those achieved by the 
state's farmers In the late fifties, the gap between average 
yields on experimental plots and those on working farms was 
wide, but by. the early seventies it had virtually disappeared. 
In cfFect, the' backlog of technology has been largely used 
up, and Iowa farmers are literally looking over the shoul- 
ders of the agricultural scientists working the experimental 
plots. 

An analysis of the long-term historical rise of wheat yields 
by Neal Jensen, professor of plant breeding at Cornell Unive;- 
sity, produced an even more sobering conclusion. Applying his 
findings ta agriculture in general, he predicts that "the rate of 
productivity increase will become slower and will eventually 
become level." ^"^ Jensen believes that plant breeders and 
ag ronomist s in the more advanced agricultural countries have 
already ex|iloited most of the potential for raising yields. 

While enormous opportunities for raising cropland produc- 
tivity exist in some countries, the outlook for further dramatic 
worldwide increases appears less hopeful now than at mid- 
century. Soil erosion is lowcfifig the inherent fertility of per- 
haps one-fifth of the worldVcropland, while the backlog of new 
agricultural technologies in tfie agriculturally advanced cgun- 
tries is dwindling. Together, these two factors cast a formidable 
shadow ovet the prospect of a continuing rapid rise in land 
productivity^^ 

• 'Ho 
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Substituting Fertilizer for Land ' 

When German chemist Justus von Liebig discovered in the 
1840s that all the nutrients that crops remove from the soil 
could be replaced, he set the stage for the extensive substitu- ^ 
tion of chemical fertilizer for land as the frontiers closed. Since 
1950, the. expanding use of chemical fertilizer has been the 
principal source of growth in world food output. Increasing the 
use of irrigation, pesticides^: and improved seeds has con- 
tributed to that growth, but vflthout chemical fertilizer, world 
food output would likely fall \yflt least one-third. 

The three basic plant nutrients that can readily be supplied 
to the soil as chemical fertilizers-^nitrogen, phosphorus, and 
potassium — all require substlntial amounts of energy to mine 
or synthesize and to transport. Particularly large amounts of 
energy are required to synthesize atmospheric nitrogen into 
stable compounds that can be used for ferlilizer! Indeed, the 
use of chemical fertilizer epitomizes the growing energy inten- 
sity of food production in the late twentietlt century. In 1950, 
the world's farmers applied some 14 million tons of chemical 
fertilizer to the soil. By 1980, they were using 113 million tons 
—an eightfold increase over a three-decade span. (See Figure 
5-1.) At .mid-century, worldwide fertilizer use averaged'5,6 
kilograms per person, but by 1980, it had climbed to 25.6. 

Crop yields increase predictably with each increment of 
chemical fertilizer— rapidly at first, then more slowly until they 
eventually level off. Understanding this fertilizer-response 
curve is key to understanding future food production prospects. 
Where fertilizer use is intensive, the response is already dimin- 
ishing. In the Netherlands, Japan, the U.S. Corn Belt or else- 
where, where the use of chemical fertilizer is close to the 
saturation point, further increases simply will not appreciably 
increase yields. In such countries as India and Argentina, where 
fertilizer application rates are still low, the response to addi- 
tional applications of fertilizer is high. 

111 



104: Building a Sustainable Society 



Million 
Metric Tons 

125 



100- 




1950 I960 1970 1980 

Figure 5-1- World Fertilizer Consumption, 1950-80 

While future fertilizer requirements pan not be projected 
precisely, the amount of fertilizer required per capita to satisfy 
future food needs is certain to increase if population growth 
continues. As long as the cropland per person continues to 
shrink, the amount of fertilizer needed per person will rise. As * 
a result, food production will become progressively more en- 
ergy intensive, claiming a growing share of the world's scarce 
energy resources by the year 2000. 

'^ The Gmin-Livestock Economy 

Although most of the world's 1.4 billion ,torf annual grain 
harvest is consumed directly, a substantial share is consumed 
indirectly as livestock products. In the absence of religious 
restrictions on diet, the consumption of meat, milk, and eggs 
invariably rises with income. This whetted appetite for animal 
protein, in turn, translates into increases n grain fed to live- 
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stock. When world grain supplies are short, the competition 
between ^ple and livestock'for grain becomes acute. 

Althoiigh^com and some other grains are used largely as feed 
and others, such as wheat, primarily as food, all grains can.be 
used for either purpose — an important fact in view of recent 
per capita consumption patterns. As of 1979, annual grain use 
per capita ranged from roughly 160 kilograms in countries such 
as India and Kenya to just over 800 kilograms in the United 
States and the Soviet Union. 1® The high end of this scale quite 
literally represents the fat of the land. The lower end is deter- 
mined by minimal survival requirements. If consumption drops 
below 160 kilograms per year (roughly a pound of grain per 
day), malnutrition becomes severe and mortality rates begin to 
climb. 

As their incomes rise, people eventually consume more grain 
indirectly, in the form of livestock products, than directly as 
cereal, flour, and other food. In the United States, Canada, and 
other affluent countries, some three-fourths of the grain used 
is converted fnto livestock products. In India, China, and other 
countries where the grain supply per person barely sustains 
survival, no more than 3 percent of the available grain supply 
is converted into animal protcin.^^ In japan, the United King- 
dom, and Brazil— the middle ground— roughly half the grain ^ 
used is fed to livestock. 

Despite rising affluence in industrial societies and among 
Third World elites, the share of the >yorld grain harvest fed to 
livestock has remained remarkably stable in recent decades. In 
i960, livestock and poultry consumed 255 million metric tons 
of grain, or roughly y\ percent of the 835 million tons con- 
sumed for food and feed. The overall numbers were larger in 
igy9_450 million tons of a 1.43 billion ton total— but the 
share, at 32 percent, was virtually unchanged. The balance held 
because the increases in the grain used for feed were offset by 
population growth, which increased that used for food. During 
the third quarter of this century, consumption of beef, pork, 
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mutton, and poultry increased in almost all industrial coun- 
tries: Among those with the highest annual consumption per 
:perspn are the United States,,France, and Poland.. (See Table 
5-5.) In sharp contrast, China, India, and other populous na- 
tions have few resources. to spare for the production of animal 
protein. \ 

While Vhe amount of meat consumed is determined by 
income, the type of meat is influenced by population/land 
ratios. Those industrial countries thai? consume mostly beef 
have extensive grazing land — the United States, Canada, the 
Soviet Union, Australia, Argentina, and Brazil. In industrial 
countries that are more densely populated, such as those in 
both Western and Eastern Europe; pork dominates. Pork is 
also the dominant red meat in east Asian countries such as 
China and Japan. 

The efficiency with which grain is converted into meat varies 
widely by country. For example, although per capita grain use 
IS just over 800 kilograms (food and feed) in both the United 
States and the Soviet Union, those 800 kilograms provide each 
American consumer with 1 1 1 kilograms of meat and each 



Table 5-5. Meat Consumption P(;r Capita in Selected Countries, 



Coiwfr 


Beef & 
Veal 


Pork 


Muttony , 
Lamb & 
Goat 


Poultry' 


Total 








(kilograms) 






USA 




28 


1 


26 


III 


France 


32 


34 


4 


16 


86 


Poland 


»9 


48 


1 


II 


79 


USSR 


25 


U4 


4 


8 


51 


Brazil 


18 


7 




7 


32 


Japan 


5 


12 


* 


10 


29 


China 




15 


1 ' 


3 


21 


Eg>'pt 


4 




1 


3 


8 


Nigeria 


3 




^ 1 


•» 


6 


India 


0.3 


0.1 


0.5 


0.2 


1.1 



Source. U.S Dcpartnicnl of Agriculture, P<xxl .ind AgriculUire Ofgain/ah'on. and 
author's estimates. 
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|, Soviet only 51 kilograms. The far better managed American 
farms get more than twice as much meat as Soviet farms do 
from a ton of .grain.^^ 

^ " One way of increasing meat production when feed supplies 
are tight is to switch to those animals such as chiclcen that 
convert grain into meat most efficiently. This trend, now 
worldwide, helps explain why poultry production has out- 
stripped that of other types of meat over the past decade or so. 
in the United States, where chicken was a Sunday dinner treat 
less than a generation ago, consumption has now climbed 
above 26 kilograms per person per year. 

In spite of efforts to raise the efficiency of grain conversion 
into livestock, products, competition between people and live- 
stock for scarce grain supplies seems certain to intensify as 
pressures on the world's agricultural resource base increase. 
While fhe growing demand for animal protein has not so far 
raised the share of the grain harvest fed to livestock, it has 
generated an enormous demand for soybean meal for live- 
stock rations. Since 1950, the world soybean harvest has multi- 
plied fivefold, climbing from 18 million tons to 85 million.^^ 
In the United States, where the soybean was introduced 
from China, acreage in soybeans now rivals that in corn and 
wheat. 

As rising affluence has converted the global appetite for 
livestock products into effective demand, the market for soy- 
beans, an ideal protein complement to cereals in livestock and 
poultry rations, has grown rapidly. Growth has been particu- 
larly rapid since 1970 when the world fish gatch leveled off. 
Between 1970 and 1980, the world soybean harvest doubled 
from 42 million tons to 85 million tons, with nearly all the 
increase being consumed by livestock. ^ 

While the Chinese harvest of nine million tons is used 
almost entirely for food, much of it as bean cnrd (tofu), most 
of the far larger U.S. and Brazilian soybean crops are used for 
feed, either domestically or when shipped abroad. An es- 
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timated two-thirds of the world harvest is now consumed as 
soybean meal, principally by livestock.22 

What do these dietary patterns and trends say about the 
wodd food supply-demand equation? First, a vast potential for 
.increased grain use for livestock feed exists in low-incomecoun- 
tries if purchasing power permits. Second, in the event of a dire 
world food emergency, miHions of tons of grain and soybeans 
could be diverted from feed to food use. Indeed, diverting only 
a quarter of, the world soybean harvest from feed use to direct 
human consumption would provide five kilograms per year of 
a high protein food for everyone in thd world. The key here, 
of course, js making the shif^'before food prices have risen high 
enough to push up mortality rates among the world's poor — 
something the market is unlikely to do on its own. 

The New Food-Fuel Competition 

As the eighties begin, the longstanding competition between 
food and feed is expanding to include fuel. In thq past^ the 
energy sector has supported the food sector, providing fuel for' 
fertilizer and pesticide production, tillage, harvesting, crop dry- 
ing, and numerous other farm-related processes. With energy 
subsidizing agriculture, the earth's population-sustaining ca- 
pacity increased dramatically^ But nc^w, as the shortage of liq- 
uid fuels grows, energy producers are beginning to compete 
with food producers for limited agricultural resources. 

In the rush to develop indigenous liquid fuels to replace 
imported oil, alcohol distilled from farm commodities has 
emerged'as a short-run alternative. Several countries have al- 
ready launched agriculturally based alcohol-fuel programs. Bra- 
zil, the United States, and the Philippines have major programs 
to convert agricultural commodities into alcohol for use as an 
automotive fuel, while Australia, New Zealand, and South 
Africa have programs either in operation or on the drawing 
board. For countries buffeted by soaring oil prices and fearful 



ERIC 




V The Changing Food Prospect :109 

of supply disruptions, tlic prospect of an indigenous substitute 
for^some of the imported oil is reassuring, but it means that 
automobiles now compete with peoplci^and livestock for the 
harvest. 

Until recently, the claims of the poor and the affluent on^he 
earth's agricultural resources have not diverged by more than 
a factor of five, the difference.between.an affluent diet rich in 
livestock products and a grain-based subsistence diet. If energy 

l^crops are figured in, however, the ratio increases dramatically 
since an automobile run on alcohol requires far more grain than 
a person does. Satisfying the annual food needs of a typical 
Third World consumer requires roughly one quarter of an acre 
of cropland, whereas the more afi^uent diet in an' industrial 
society requires nearly an acre. By contrast, a typical American 
car fueled entirely by ethajiol would require processing over 
seven tons of grain per yetfr— the output from nine acres of 
average grain land.^^ In Western Europe, where cars arc4i)orc 
fuel-efficient and are driven less,^the typical automobilexould 
be run on a little over three tons .of grain per year. These 
numbers are in a sense hypothetical because no country except 
Brazil is running automobiles exclusively on alcohol and be- 
cause grain is by no means the only commodity from which 
alcohol can be made. Nonetheless, the figures do indicate how 

' quickly alcohol* fuel programs could absorb vast amounts of 
grain. 

Providing gasohol (a lo percent alcohol blend) for the typi- 
' ^tal UtS^.car would each year require 1,460 pounds of grain, or 
slightly less grain than the average American annually con- 
sumes directly and indirectly as food. Accordingly, the crop- 
land requirements of an American car owner who switches to 
s^grain-bascd gasohol would neariy double— rising from rg-to 1 .7 
acres. To the degree that the protein-rich by-product cf the 
distillation process, distiller's dried grain, can be used success- 
fully as livestock feed, the land requirement could be reduced. 
But if liquid fuel is used to producc^nd distill the grain, more 
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Iand.vvill be required to produce sufficient nit amounts of liguid 
fuel: In the second case, headway toward reducing oil imports 
will be made two steps forward, one back. » 

Brazilian agricultural officials argue that energy crops will be 
^produced in addition :o rather than instead of food crops. In 
fact, though energy cro{^ compete not only for land hul also 
for agricultural investment capital^ water, fertilizer, farm-man- 
agement skills, faim-ta;|]mket roads,'agricultural credit, and 
technical advisory services. Only m^^ centrally planned econ- 
omy, where ali agricultural inputs are cQTefully 'controlled and 
clearly lagged for the production of either food or energy, could 
a major energy-crops program be launched without siphoning 
resources away from food production. Brazil's case is quite 
different. It may well reach its national goal of liquid fuel 
self-sufficiency by 1990 but have more hungry people tlian it 
docs today. 

The inunediate consequences of the Brazilian energy-crops 
program insiy be moi(: internal than external, but the more 
recently launched effort in the United States lias broader 
ramifications. As more and more alcohol fuel distilleries are 
built in the United States to meet the official goal of producing 
two billioii gallons of ethanol by the mid-eighties, the export-^ 
able surplus of grain will be reduced accordingly. The tradi- 
tional buyers in the North American grain market — the flour^ 
millers, the feedlot operators, and the grain-importing coun- 
tries — may bejoutbid by distillers, who are the beneficiaries of 
generous tax exemptions and other subsidies that can exceed 
a dollar per gallon.^^' As alcohol distilleries gradually replace oil 
refineries, more and more farmers in the United States and 
elsewhere will have to choose between producing food for 
people and fuel for automobiles. They are likely to produce 
whichever is the more profitable. In such a situation^ the price 
of oil will eventually set the price of food. 

For food-exporting countries, the immediate appeal of con- 
verting exportable food surpluses into alcohol fuel is undeni- 
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able. B.ut in a world that has little if any excess food-production 

capacity, channelling fcx)dstuffs into automotive fuel produc- 

tipn willyinevitably drive food prices upward. For the world's 

affluent^ such rises in food prices may lead to belt tightening; 

but for the several hundred million. people who are already 

spending most of their meager incomes on food,tising food 

prices will further n^^rrow the thin margin of survival. 

77;(? Food Price Prospect 

As the demand for food continues to press agaihst the supply, 
inevitably real food prices will rise. The question no longer 
, seems to be whether they will rise but how much. Since mid- 
centiiry the growth in world grain production has unmistakably 
lost momentum. Expanding at well over 3 percent per year 
during the fifties, growth fell to just over 2 percent annually 
during the seventies. 

In efforts to eliminate hunger, this loss of momentum is 
aggravated by the heavily skewed distrib\ition of income both 
within and among countries. Incomes among the wealthier 
one-fifth of humanity are easily 20 times those of the poorest 
one-fifth. Similar ratios exist between the wealthiest and poor- 
est fifths within societies where wealth is concj^jitrated in a few 
.hands, such as Iraq, Senegal, Brazil, Ecuador, and Mexico. 
Without effective efforts to redistribute income, meaningful 
progress in the eradication of hunger is. unlikely. 

The worldwide loss of agricultural momentum is serious in 
itself. But more serious are the gathering forces behind this 
loss. It is becoming ever more difficult to expand the cropland 
base, and soil erosion's toll on productivity is continuing una- 
bated. Returns!on the use of chemical fertilizer at the margin 
are als.o diminishing. Each of these forces promises to become 
an even stronger drag on the growth of food production during 
the eighties. 

It is tempting to look to science and technology for help. But 
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at the moment new agricultural technologies provide only 
small comlort. Hopes run high for increasing the photos>-n- 
thetic efficiency of major crops and for developing cereals that 
can fix nitrogen. But these advances represent major feats of 
biological engineering, feats that cannot be taken for granted. 
If commercial nitrogen-fixing cereals become a reality, they will 
reduce energy requirements in agriculture but not necessarily 
increase output. Moreover, beyond these two possibilities there 
does not.appear to be anything on the technological drawing 
board that could md to quantum jumps in world food output. 
We cannot expect gains such as those made possible in postwar 
agriculture by the use of chemical fertilizer, improved seeds 
and irrigation. 

Perhaps more than anything else, the price of food will be 
influenced by oil price rises. After the price of oil began its 
rapid climb in late 1973, it left the comparatively stable price 
of food far behind. But there are sigfts that focxl prices are 
beginning a long-term climb as well. Even as the price of liquid 
fuels required for farming rises, agriculture is being seen by 
more and more governments as a source of liquid fuels. With 
hundreds of large distilleries newly on line, under construction 
or in the planning stage, the diversion of agricultural resources 
to automotive fuel production could escalate rapidly. In 1980, 
Bra/il devoted nearly one million hectares of cropland to the 
production of sugarcane for automotive fuel; the United States 
used some 80,000 hectares to produce grain that was converted 
into alcohol fuel; and the Philippines started marketing/'al- 
cogas" made from sugarcane.^^ 

The sharp shift in the terms of trade between oil and grain 
tempts populous, oil-exporting countries that are having prob- 
lems in agriculture to import more food^For these countries, 
which include the Soviet Union, Nigeria, Mexico, and China, 
the terms of exchange between oil and grain are exceedingly 
attractfve, and they are rapidly expanding their food-imports 
as the eighties begin. This extraordinary leverage in the world 
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grain market is driving^food prices upward far more rapidly 
than was possible when a barrel of oil and a bushel of wheat 
had the same value. In effect, the price of oil is gradually 
pulling the price 9f food upward in its wake. 

This new relationship between the food and cnergjii^ctors 
makes food projections more complicated than ever before. 
?The principal cushion now remaining in the world food econ- 
omy is the grain that is fed to livestock. This grain could easily 
DC made available for human consumption in times of shortage, 
tl^ough so far it has been diverted from livestock only when the 
price climbs to a level that induces widespread starvation. 

TfhQ food price prospj^ inspires concern, not optimism. Just 
as the seventies drama tidily underscored the new energy reali- 
tics,\thc eighties promise to do the same for food. Indeed, 
rising food prices may become a more or less permanent feature 
of tic economic landscape in the years ahead. Few, if any, 
economic indicators are as politically sensitive as food prices. 
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he third quarter of this century was a period of unprece- 
dented economic expansion. Under the influence of Keynerian 
economics with its emphasis on demand stimulation, world 
economic growth averaged well over 4 percent per year, at least 
double the population growth rate.^ A global econonuc growth 
rate of 4 percent per year, would expand the global output of 
goods and services by 50 fold within a century. For anyone 
prepared to look ahead, the pressures on both nonrenewable 
and renewable resources that this would bring were obvious. 

The first strong signal that this rapid growth era might not 
last forever came in 1972, when thc> massive Soviet purchase 
of wheat doubled the world wheat price within months. The 
second signal arrived soon after when OPEC abruptly quadru- 
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pled the price of oil in late 1973. Any remaining doubt as to 
whether the era was over ended in 1974: For the first time 
dwble-digit inflation invaded the world economy in peace- 
time, unemployment, in the western industrial* countries 
.climbed to the highest levels since the Great Depression, and 
economic growth fell far below the postwar norm. 

The question is why. It was not that the economists who sit 
at the elbows of the world's political leaders had suddenly lost 
their skills, *but that the context in which those skills were 
>r applied had dlianged. In a matter of years, the relationship 
between the ever-expanding economic system and the natural 
systems and resources that support it had been fundamentally 
altered. The Soviets were blamed for the rise in world food 
.prices and OPEC was roundly criticized for raising the worlds 
price of oili But these actions simply mirrored the problem.! 
They did not cause it, 
^ As world population increased, mounting demands on some 
resources had become unsustainable. By the time the global 
population reached four billion in 1976, the per capita produc- 
tion of petroleum and of most major commodities of biological 
origin had already begun t6 decline. Accelerating inflation, 
rising unemployment, and slowing economic growth all tes- 
tified to a new economic reality in which "biological stresses and 
resource depletion registered in the marketplace. 

" Competing Demands 

Historically, when one commodity became scarce another was 
quickly substituted for it. But substituting the plentiful for the 
jsarce is no longer always an option. As Willis Harman of the 
'-"■"'^anford Research Institute explains: ''Because all of these 
interdependent factors are approaching planetary limits to- 
gether, the solutions that resolved scarcity problems in the past 
— geographic expansion and technological advancement — do 
not promise the same sort of relief fn the future.''^ 
Demands on basic resource systems are now converging in 
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both industrial and preindustrial societies though the manifes-, 
tatiSyis in each sometimes differ. The competition between the 
need for food and that for fuel, for example, takes, different 
forms around the world. In Third World countrjes, where 
firewood demands have led to deforestation, villagers turn to 
dried -cow dung for fuel, even though this use of precious 
animal wastes deprives soils of, nutrients and humus. As soil 
fertility declines, the downward spiral acquires a momentum of 
its own, closing the poverty-circle ever more tightly. 

In the Indian subcontinent, China, and other Third World 
countrids where even cow dung is scarce, villagers cook with 
crop residues and leaves. Desperate, they puW the roots of 
plants from the ground, dry them, and burn them for fuel. 
^Here, too; the shortage of fuel aggravates that of food. 

In other contexts, the food-energy competition wears other 
faces. In Central America, an expanding export-oriented beef 
industry contributes to deforestation. Responding to the grow- 
ing world demand for beef, cattlemen on the Central Ameri- 
can isthmus are converting forest land ^nto grassland. One 
result is an emerging scarcity of firewood, the principal fuel not 
only for villagers, but for many urban dwellers as well.^ 

The unexpectedly rapid siltation of hydroelectric reservoirs 
in many Third World countries represents still another con- 
flict, in this case between the fodd and firewood needs of 
people in the upper reaches of the watersheds that feed the 
reservoirs, and the downstream demand for electricity. The soil 
eroding from deforested land and overworked fields is reducing 
hydrogenerating capacity. 

In the Soviet Union, competition between the food and 
energy sectors has taken a unique' turn. Historically, multi- 
purpose dams that provide both electricity and irrigation have 
been nianaged primarily by the energy ministry." But the grow- 
ing internal food deficit is 'now leading to a shift in priorities 
that favors food production. Increasingly, dam reservoirs are 
being managed to maximize the water available for irrigation. 
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, but at a substantial sacrifice of electrical power. Thane Gustaf- 
son, Soviet scholar at Harvard, reports that hydropower output 
from the Dnieper River is,h.cjng curtailed by 20 percept with 
further reductions a possibility and that "by the end of the 
century the capacity of the Volga hydropower units could be 
curtailed by as much as half."^ 

Competing demands for water can be felt injthe United 
States too. At one time it was possible to use bodies of water 
such as the Chesapeake Bay both for food production and 
waste disposal^ but as pollution levels have increased and fish 
catches have declined, it has become clear that some form of 
trade off is inevitable as populations expand.^ 

As demands on the earth's basic resources converge, political 
leaders will find themselves spending more and more time 
resolving the conflicting claims: For example, finding substi- 
tutes for the 22'billion barrels of oil used annually will add to 
the pressure on other resources, particularly land and water. 
Managing this new competition between the food and energy 
sectors promises to be particularly difficult politically. 

Rereading Ricardo 

The Law of Diminishing Returns was first articulated by David 
Ricardo, the nineteenth century English economist. He rea- 
soned that at some point additional food could be produced 
only by extending cultivation onto less fertile land or by apply- 
ing ever more labor and capital to land. In either case, returns 
^ would diminish.^ 

Initially based on calculations for wheat in the United King- 
dom, Ricardo's formulation has a compelling logic. Yet, growth 
in food supplies or of overall economic output did not find its 
limits in Ricardo's day. Foi well over a century, the cultivated 
area continued to expand and advances in agricultural technol- 
ogy permitted grain yields to double or triple For a while, the 
bounty of modern agriculture seemed to defy logic. 
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As the eighties begin, however, intejest in Ricardo's analysis 
is reviving; Diminishing returns are beginning to affect^the 
production of grain, oil, and.other vital commodities. ,With the 
global economy growing' at 4 percent annually or 50 fold per 
century, the shift at some point to resources of declining qual- 
ity was inevitable. Technological advances leading to greater 
efficiency of resource use can offset declines in quality up to a 
point, but eventually even the most ingenious attempts to 
compensate for nature s limitations will fall short. 

While Ricardo's concern with the diminishing quality of 
new land was initially unfounded, it is now being borne out. 
In countries as diverse as sparsely populated Canada and 
densely populated China,-the quality of new land is far below 
that of settled lands, In Canada, where an estimated 233 hec- 
tares of cropland in the western provinces is required to replace 
each 100 hectares of Class I land lost to urban spread in the 
east, inherent cropland fertility is falling as* cities annex new 
territory.'^ In China, the problem is even more severe. Lesley 
T. C. Kuo, a specialist on Chinese agriculture, reports that ''the 
use of one acre of cultivated land for construction purposes 
must be offset by the reclamation of several acres of waste- 
land.^s In Brazil, which since 1950 Has nearly tripled the area 
planted to cereals, the pattern is much the same. The lower 
fertility of new land offsets heavy investments in fertilizer and. 
the other mainstays of modern agriculture, leaving Brazil with 
a cereal yield per hectare that is no greater in 1980 than it was 
in 1950.^ 

Just as the quality of new cultivable land has declined, so too 
efforts to raise land productivity do not pay off as handsomely 
as they once did. The key here is the yield response to fertilizer. 
Between 1934-38, world grain production averaged ^51 mil- 
lion tons per year and fertilizer consumption a rather modest ^ 
10 million tons. From then uiitil 1950 fertilizer consumption 
increased by only 4 millipn tons. But as growth i{i the cul- ^ 
tivated area slowed after 1950, fertilizer consumption began to 
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grow by leaps and bounds. During the fifties, each additional 
million tons of fertilizer use was associated with an increase in 
the grain harvest of over n million tons. (Sec Table 6-1.) 
During the sixties, the response declined to 8.3 million tons of 
grain. For the seventies, the response was lower still — an addi- 
tional million tons of fertilizer yielded only 6 8 million tons of 
additional grain. Because the grain/fertilizer response is falling, 
growth in fertilizer use will eventually slow as the cost of the 
additional fertilizer approaches the value of the additional 
grain it yields. Barring either a marked improvement in the 
capacity of cereals to utilize fertilizer or a sharp rise in food 
prices relative to those of fertiliser, growth in the use of this 
key agricultural input will begin to slow. 

Efforts to expand the fish catch represent another clearcut 
case of diminishing returns. As stocks are depleted, fishermen 
. compete for more distant waters. Even though the world fish 
catch has grown little since 1970, governments and corpora- 
tions have continued to invest heavily in new fishing capatity 
As a result, the catch per dollar invested has fallen precipi- 
tously. 

Table 6-1. World Grain Production and Fertilizer Use 

Increineiital 

World Wprld Oram/ Fertilizer 
drain \^ Fertilizer ^ Response 
Period Production Increment Use Increment Ratio 



1934-38 651 

1948-52 710 

1959-61 848 

1969-71 1165 

1978-80 1451 



inillion metric tons) 
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Source Food and Agriculture Organization, U S Department of Agriculture 
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With energy^ as with food, efforts to expand supplies eventu- 
ally meet with diminishing returns. ^Already the. most promis- 
ing prospects for discovering new underground oil fields have 
been thoroughly investigated. Geological and seismic data indi- 
cate that new finds ^will be relatively meager and invariably 
located in more remote lands ?nd inhospitable spots. Soviet 
official Gennadi Pisarevsky notes that in the USSR, for exam- 
ple, ''over the past 15 years the average pumping' distance of 
one ton of oil in the USSR has increased from 650 to 2,000 
kilometers, by more than three times. Offshore drilling, which 
accounts for a substantial and growing share of the total explo- 
ration effort,, can cost several tijiies more per barrel than dril- 
ling on land/'i 1 At the same time, the cost of pumping oil from 
older fields is climbing J everywhere. Secondary and tertiary 
recovery techniques both cost more than primary methods and 
yield substantially less net energy. Pisarevsky, again describing 
the Soviet Union, reports that "more than lo percent of the 
production cost goes to maintain bed pressure: At present, 80 
percent of the fuel is produced by pumping water, gas, or air 
^ into the oil layers." 

Diminishing returns also govern the mining industry. From 
1900 to 1970, the cost of unearthing materials generally de- 
clined as mining and extraction technologies advanced and as 
real energy costs declined. But as m'ineral reserves dwindle, 
lower-grade ores and less accessible deposits muist be mined. 

; ^ Even supplies of such relatively abundant minerals as iron ore 

eventually give out or become more costly to mine. According 
to a World Bank report on the future of the iron-mining 
industry, "new discoveries during the last 25 years of world 
reserves of all grades of ore are now deemed sufficient to last 
at least 100 years at exponentially growing demand," but "the 
greatest iron resources of the world are in low-grade depos- 
its."^2 Overall, technological advances in mineral extraction 
and rf^ning cannot be counted upon to offset the added costs 
thit mining lower-grade ores or less accessible deposits entail, 

\ particularly since both have higher energy requirements. 
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The capacity, of thelearth's ecosystem to absorb waste also 
brings diminishing returns. In .the early stages of industrial 
development, removing 80 percent of the pollutants from a 
factory smokestack may be sufficient to avoid destruction of the 
environment. But later, as the.volume of production and pollu- 
tants climb, pollution control devices may have to remove 98 
percent of pollutants to afford a similar level of environmental 
protection. Givep the nature of the processes involved, the c^p^t 
of removing the additional 18 percent may be far greater than 
the preceding 80 percent. Other things being equal, pollution 
control expenditures per dollar of output incr^se a's output 
increases. As concerned governments restrict thc'discharge of 
wastes to protect human health and the biological systems on 
which. human survival depends, industry "will perforce return 
less product per dollar invested. 

Investment in scientific research— long the answer whert 
productivity lagged— may itself be experiencing diminishing 
returns. VVithin agriculture, for example, cereal hybridization 
and the discovery of chemical fertilizer required relatively small 
investments of time and money, but comparable future ad- 
vances in food production may be harder to realize. In physics, 
splitting the atom and developing solid-state physics were land- 
mark break-throughs, but comparable seminal gains may require 
the lifetime efforts of thousands of highly trained physicists. 

In retrospect, Ricardo appears to have been ahead of his 
time, biminfshing returns were postponed by expanding geo- 
graphical frontiers and advancing technology. Now the fron- 
tiers are gone and technology is not always able to offset or 
postpone diminishing returns. To be sensible, national eco-" 
nomic and demographic policies must be responsive to the new 
Ricardian realities. 

m 

A New Source of Inflation 

Inflation is usually defined as a rise in the general price level, 
the result of too much money chasing too few goods. In an 
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abstract sense, a rise in the general price level 3oes not create 
any particular problem. Philosopher David Hume oiice pointed 
put that if all prices were to double overnight, nothing would 
be changed except the amount of money people would need 
to carry in their pockets. In the real world, however^ prices 
seldom rise uniformly. From a human welfare persjpective,^the^ 
issues arc changing price relationships that affect the distribu- 
tion of income and vi^ealth and^ising real prices (rising faster 
than the general price level) for consumer essentials such as 
food, fuel, and housing. 

As commonly measured and reported, inflation does not 
cover subsistence or unpaid activities. Hence, it does not speak 
to the plight of the world's poorest pieople, the very group often 
most affected by environmental deterioration and resource 
scarcities. If inflation were measured not in monetary terms 
but in hours of work required to obtain a given good or service, 
it would reflect the additional labor required to produce food 
by millions of rural families whose soil is eroding or the extra 
hours required to gather firewood as the forests recede. Anal- 
yses of inflation measured in these terms would encompass 
both the subsistence and market sectors of the world economy, 
and thus be far more revealing of global trends. 

Historically, most inflation as classically defined has been a 
localized phenomenon, hitting individual countries from time 
to time. It usually occurred when excessive demand resulted 
from deficit financing or from "easy money" policies. While 
these inflationary forces are not always easy to manage, at least 
they are understood reasonably well, as are the techniques for 
coping with them. When inflation arising from deficit financ- 
ing gets out of hand, it can be curbed by reducing the deficit 
and slow4ng the rate of economic growth. If an "easy money * 
policy js af.faulf, adjusting monetary policy usually docs the 
trick. Political leaders may have their work cut out for them 
persuading labor union leaders to exercise restraint in contract 
negotiations or convincing powerful industries to hold prices 
down, but at least they know what is needed. 
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Whileithc misuse of monetary and fiscal 'policies remains a 
potential source of inflation, rising real prices for many essen- 
tial commodities represent a newer, more intractable source of 
inflation. During the first seven decades of this century, the 
real cost.of most industrial raw materials, foodstuffs, ai|^ fuels 
dech'ned. Even as recently as the two-decade span from 1950 
to 1970, the market price of such basic commodities as oil and , 
wheat remained essentially unchanged.^' Adjusted fqp itifla- 
tion, the real prices of these two basic commodities (l^ljpcd 
markedly ever this period. - y 

Global double-digit inflation fueled by the new inflationary 
forces did not exist before the seventies, but the^prcssurcs that 
precipitated it have been building for decides. Since mid- 
century, world population has increased by nearly two billion 
and the gross world product has tripled. When world popula- 
tion headed for four billion, inflation rates began to increase 
markedly. In the Organization for Economic Cooperation and 
Development, a group of countries that accounts for the lion's 
share of world economic output, the consumer price index 
(CPl) increased an average of 2.4 percent from 1961 to 1965. 
(See Table 6-2.) From ^965 to 1969, the CPl increase climbed 
to an average of 3,9 percent yearly. 

By 1970 when the CPl climbed to 6.3 percent, the world- 
wide production per capita of wood, wool, and mutton was 
already declining, and the fish catch per person was peaking. 
Oil production per person peaked in 1973, and in 1974 global 
inflation moved into the double-digit range. In 1976, following 
a two-year worldwide recession, thd consumer price index was 
still climbing by 9 percent per year. At this point, the amount 
of beef produced per person reached its histc'cal peak and 
began to decline. 

In view of these declines in production per person, it should 
not surprise us that during the seventies and early eighties 
efforts to manage inflation have been consistently less success- 
ful than in the past. Rismg real costs of production are fueling 
the inflationaiy spiral as biological systems deteriorate, oil re- 
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Tabfe 6-a. Anhuai Rate of Changc> Cioimimcr Price Index, OECD 
C6untricsri96»-79 - 

Years Change ^ . 



(percent) 

1965-^ 3.9 

1970 6,3 

I97> 4-4 

197^ 5-7 
• 1973 

1974 >3-9 

,975 11.1 

1976 9.0 

J977 '8.1 

197? ■ 8.5 

•1979 '°'9 



Source: Orgaiiiwlion for Economic Cooperation and I>c\clopnienl 
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quires more coaxing to get it out of the ground, readily acces- 
sible high-grade mineral reserves are used up, and little fertile, 
well-watered cropland remains to be brought under the plow. 

Everywhere, wood is becoming more expensive as it 
becomes scarcer. The downturn in 1964 of world wood produc- 
tion per person signaled trouble for a billion and a half Third 
World villagers who depend on wood for fuel, and for the 
housing industry everywhere. In the United States, owning a 
home— which since frontier days has been regarded as part of 
the American birthright— is becoming an unattainable ideal 
for millions of middle-income families. According to a U.S. 
Council on Wage and Price Stability study, "Soaring lumber 
prices hav^ been a recurring problem of increasing severity in 
every expansion of housing demand- since the mid-sixties." 
Until then, U.S. supplies of lumber grade timber could be 
easily expanded to satis.fy growth in demand, but the tripling 
in lumber prices since 1967 indicates that this is no longer 
possible. Since then, lumber prices have risen more rapidly 
than the overall inflation index. "Over the long term," the 
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Study coricluded, "the projected demand [for lumber] cannot 
be met by the supply of timber tha| will be forthcoming at 
currently relative prices and under current management {toli- 
cics/* Indeed, lumber prices are expected to continue to rise 
for at least a decade as those born during the postwar "baby 
boom'' establish households. 

The world price of newsprint, which held remarkably steady 
from 1950 until 1973, has more than doubled since i973-^^ 1" 
1978, when prices moved above $300 a ton for the first time, 
the communications sector felt the reverberations. Many news- 
papers were forced to close or to merge, while others shifted 
to a tabloid format to reduce newsprint requirements, and 
expanded advertising space at the expense of news content. In 
Wjieveloping countries, the dream of universal literacy fades 
as the forests shrink and pulp for paper becomes dearer. 

Other commodity prices are also contributing to inflation. 
During the seventies firewood prices have doubled or quadru- 
pled in many locales, and in some deforested Third World 
communities, what goes under the pot riow costs more than 
.what goes inside it. Seafood prices, particularly those of the 
more palatable species, have climbed sharply. The decimated 
fisheries that fishermen work are even farther from home, so 
energy costs now register in the fish markets, especially in 
Japan, the Soviet Union, and other "countries that depend 
heavily on oceanic food supplies. Beef prices have climbed 
sharply since 1976, when beef production levelled off, and 
there is no lasting price relief in prospect. 

The production of food and energy appear to be moving 
along a rising cost curve driven by the growth in world demand. 
Throughout history, humanity has periodically come up 
against constraints, but never before has it hit so many in so 
many places at the same time. Now, technology no longer 
seems to advance fast enough to offset the diminishing returns 
that are setting in on so many fronts. If wl continue on the 
current demographic path and if we rely almost exclusively on 
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supply-side economics, ignoring the need to curb demand 
'growth, then higher real costs and' ever greater mflationary 
pressures may fbe inevitable. ^ ^ * 

Slower Economic Growth 



During the fifties and the sixties, the wodd economy expanded 
by an average of 4 to 5 percent annually, but during the 
. seventies . growth fell off sharply, constrained by the earth's 
natural systems and resources. (See Table 6-3.) Only a handful 
'p' of the smaller OPEC countries have escaped the economic 
slowdown. Economic expansion slowed measurably during the 
seventies m France, Germany, Japan, the United Kingdom, 
the United States, tne Soviet Union, and othc; industrial coun- 
tries. The heady /o to 14 percent annual growth that once 
characterized the Japanese economy is history. Haunted by the 
memory of Weimar inflation, the Government of West Ger- 
many is now prepared to settle for a 3 percent annual growth 
or less, whilp recent Soviet and East European ^development- 
plans set out sulpstantially lower capital investment and groNvth 
targets. 17 Brazil, after years of 9 percent anijdal growth, is 
scaling down its goals as the economy struggles with the high 
cost of importfed oil and with a swollen external dchO^ 

While individual countries are lowering/ their economic 
sights, an international dialogue on the causes of the changing 
economic outlook has been curiously lackjng. The UN-spon^ 
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sored study The Future of the Worjd Economy (1977) seems 
largely to ignore the fundamental changes in the global eco- 
nomic prospect, as do most World Bank projections. As 
recently as mid-1980, the World Bank was projecting eco- 
nomic growth in the developing countries for the eighties at 
some 5,4 percent per year and for the industrial countries 3,6 

' percent per year— an average economic growth rate of some 4 

' percent annually for the world as a whole.^^ 

How these rapid projected increases can be expected to 
niaterialize when there may not be any growth at all in some 
key sectors such as petroleum and fisheries is far from clear. 
Capital ipormation, too, is likely to becomfc more difficult as net 
energy yields in. the production of oil and alternative energy 
sources fall. As economic growth slows, profit margins tend to 
shrink, leaving less capital available for new investments. Ac- 
celerating inflation and the associated economic uncertainty 
alsoxincouragc speculation in lieu of productive investment 

As economic growth slows in advanced industrial societies, 
doubts arc arising as to whether rapid growth is any longer 
possible, much less advisable.* In some advanced industrial 
countries, consumer desires among the jnore affluent are show- 
ing early signs of satiation. Many young people in the middle 
and upper income groups in the United States place less em- 
phasis on material goods than did their parents. In Sweden, a 
study by Goran Backstrand and Lars Ingelstam of the Govern- 
ment's Office of Future Studies asked what Swedes could possi- 
bly do with the sevenfold increase in steel output and the 
tenfold increase in chemicals that a continuation of the tradi- 
tional 4 to 6 percent annual economic growth rates would yield 
by the end of the century.^^ Then too, political majorities in 
the affluent^ ountries are beginning to set limits on the amount 
of environmental disruption they will tolerate once their essen- 
tial material needs are satisfied. 

On the other side of the coin, the international development 
community has begun to question whether the impressive 
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^ growth raj<^ achieved by some Third World countries have led 
to widespread social improvements. In the absence of any 
mechanism for distributing new wealth broadly, all too often 
.income has risen while illitpTacy, malnutrition, and unemploy- 
ment rates have stayed the same or even increased. 

Once policymakers recognize that the economic choicq is 
often between gnwth and sustainability, growth is likely to 
subside in importance as a policy goal. Then planned obsoles- 
cence and the other tenets X)f the "growth at any cost" philoso- 
phy will be seen as uneconomic as well as environrnentally. 
indefensible. ^ 

Rising Unemployment 

Alniost si! modern economies have relied heavily on economic 
growth to provide additional jobs, ^o the prospect of slower 
^ growth while the labor force is expanding unnerves policy- 

makers. While the new policy environment is as yet ill-defined, 
the growth in the labor force is all too real. Its projected growth 
during the closing decades of this century, particularly in the 
Icis developed countries, has no precedent. The labor foVce in 
the less developed world (over i.i bil|ion in 1975) is projected 
to increase by 780 million by the year 2000, or some 3 1 million 
per year. This contrasts with an additional 141 million jobs 
required in ihc industrial countries, or less than 6 million per 
year. 

These additions to the labor force in the Third Worid are 
projected to come at a time when unemployment and un- 
deremployment are already at record levels. Kathleen Newland 
notes in a Worldwatch Paper on unemployment that these 
projected new entrants "will join some^50 million currently 
unemployed people and about 300 million who are underem- 
ployed. The figures are numbing. They are also notoriously 
imprecise. But even a generous allowance for error cannot 
blunt the challenge of finding work for more than one billion 
job seekers by the year 2000/*^^ 
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According to International Labor Organization projections, 
the wotld labor force will increase* by an average of 36 million 
Jxiryear during the final two^decades of this century.^^ Produc- 
tively employing this number of people each year v/iW require 
vast amounts of capital and natural resources, including energy. 
Creating new jobsjequires something for people to work with, 
and, for the half or so of the global labor force involved in 
agriculture, that ''something'' is land. 

From the age of exploration onward, Europe's unemployed 
moved to thi'frontiers of human settlement, wKere land could 
bje obtained for the asking. The New World, in fact, saved 
Europe from overpopulation and unemployment. As long' as 
these frontiers existed, people who wanted to work the land 
needed only enough capital to buy CTude farm implements and 
seed. But now that land for settlement has become scarce or 
concentratjfd in a few hands; the frontiers of employment 
creation are no longer the physical frontiers. 

.Cla^sicaLeconomics h^s it that there should never be any 
unemployment other than that required to give the labor 
force needed mobility. In the economists' perfect market^ 
•capital, land (including raw materials and energy), and labor 
combine iji an optimum fashion. Unfortunately, market im- 
perfections such as grossly skewed land-distribution patterns, 
inappropriate technologies, price fixing by large corporations, 
excessive wage demands by labor unions, and, in some coun- 
tries, minirfiuin wage legislation all stand in the way of realizing 
this ideal. , 

In developing countries, the concentration of land owner- 
ship militates against full employment. Where small farms are 
the norm, as they are in Japan or Taiwan, large numbers of 
people can be effectively" employed in agriculture. Whei;e the 
land distribution is grossly inequitable, less labor is used. Data " 
from Colombia solidly support this point. Classifying Colom- 
bian land holdings as small farms, large crop farms, or Rattle 
ranches, Oxford University economist Keith Griffin has tbqnd 
that the man/land ratio is nearly five times^higher on the sm^ll- 
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farms than on the large farms and more than 13 times higher 
^than on cattle ranches.^^ 

While unions can help' ensure that labor receives a fair^share 
of. the national product, excessive wage demands also serve to 
increase unemployment An ILO study of Colombia reported' 
that "the bottom third of the rural population may be no better 
off today than in the 1930s, and the effort by organized labor 
in Colombia to use collective bargaining to raise wages has 
seriously aggravated the situation/'^^ James P. Grant, Execu- 
tive Director of t^e United Nations|International Children's 
Emergency Fund, states that "there will be a sizable group in 
the developing countries whose standard of living will be rising 
rapidly while unemployment is increasing, thereby sharpening 
the contrast between those for whom the system is working 
and those for whom it is not/*^^ For members of labor unions 
in Colombia, the system is working. But for landless workers 
in the countryside, it is not. 
Minimum-wage legislation can have a similar effect by help- 

' ing to keep the unskilled or semi-skilled unempldyed. While 
the , purpose of the minimum wage — to guarantee a decent 
income to the poorly skilled — is laudable, some of the law's 
effects are not. A more satisfactory alternative might be an 
income protection plan that would supplement earnings and 
permit the unskilled to be employed at their market value, 
whatever it might be. 

Besides these institutional contributions to unemployment, 
mounting population pressure is both increasing the size of the 

^pool of unemployed 'and taking a heavy toll on the resources 
Tieeded to create new jobs. In, particular, population-induced 
ecological deterioration in the countryside reduces the employ- 
ment pr'ospects of those who depend directly on the soil or on 
other basic biological systems. Shifting cultivators, nomadic 
herdsmen, fishermen, and mountain dwellers, the great bulk of 
whom live within developing countries, all make their living 
close to nature. When, for example, grasslands deteriorate and 




Emerging Economic and Social Stresses :131 

the desert encroaches, nomadic herdsmen lose their livelihood. 
Such losses have been greatest on the broad fringe of the 
Sahara and on the East African plateau, in the Middle East, 
and in parts of northwestern Asia. 

A United Nations report analyzing income distribution in 
the Middle East notes: "The continued deterioration in the 
rural environment and the natural range land zone were among 
the main causes responsible for the impoverishment of the 
nomads, pastoralists, and farmers in the arid and marginal 
areas/'27 One especially hard-hit class of ecological refugees 
includes the mountain folk of' the western Himalayas, the Ethi- 
opian highlands, and the Andes. As the soil washes' down from 
the mountains, human settlements crumble too. Ex-farmers 
and their families, having lost their natural capital, are forced 
off the land and into the squatter settlements that encircle a 
Third World cities. 

By the sap token, fishermen and those who depend in- 
directly on the catch have been brought to economic ruin 
Members of fishing communities in the United Kingdom, Ihe 
United States and in Peru have lost their jobs as their fisheries 
have been decimated.^^ The decimation of Peru's anchovy 
. fishery, once the world's largest, left tens of thousands of 
Peruvians without productive employment. 

Rapid population growth in Third World countries often 
has a double-edged negative effect, simultaneously increasing 
the numbei of job seekers while destroying the resources 
needed to create jobs. Unfortunately, political leaders and eco- 
nomic planners too seldom face these issues directly, though 
the exceptions are notable. In India, the Finance Ministry's 
(1980) Annual Economic Survey noted that "people seemed to 
wish away the menacing proportions of the population prob- 
lem" and that "if unemployment is to be abolished and a 
reasonable standard of living is to be provided for everyone, 
ever>'thing possible should be done urgently to limit numbers 
. through an intensification of family planning efforts."^^ 
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Since people are one* of the few productive resources that 
poor countries Jiave in abundance, unemployment represents 
a wasted resource. While countries with serious food shortages 
would not for a moment corisider idling a large share of their 
productive cropland, they do follow policies that **idle" a sub- 
stantial share of their productive labor force. Ifl an age when 
other resources are becoming scarce, a careful review of eco- 
nomic policies that contribute to this waste is long overdue. In 
particular, the need is for programs that mobilize either season- 
ally or chronically idle labor to create capital resources through 
-tree planting, small-scale hydroelectric development, or local 
inigation and land-improvement activities. 

Part of the vicious circle, rising unemployment also .aggra- 
vates the inequalities of income-distribution. As 'Kathleen 
Newland notes, "The employment problem thus translates 
directly into a distribution problem because most economies 
allocate the fruits of production to people primarily on the basis 
of their employment. "^^ While governments do institute 
transfer payments among individuals within a society, a job is 
still the principal means by which individuals claim their share 
of the national product. If unemployment and underemploy- 
ment continue to increase and income distribution thereby 
worsens, social stresses are certain to multiply. 

Social Stresses 

The first manifestations of the ecological stresses and resource 
scarcities that emerge as population increases are physical- 
overgrazing, overfishing, deforestation, and soil erosion. These 
then translate into economic stresses— lower output, inflation, 
and unemploynicnt. But, ultimately, they translate into social 
stresses — hunger, demoralization, forced migration, higher in- 
fant mortality, and reduced life expectancy. 

Rapid population growth itself is a destabilizing influence. 
Rural populations that multiply 3 percent'per year — or nine- 
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teenfold per' century— in the Third World inevitably cr^te 
pressures that push people iiito cities. In 'some countries, job 
seekers are pushed at great social cost across national borders 
in search of work. They are separated from their families, 
sometimes for years at a stretch, and many of those.whb'cross 
borders illegally risk arrest and deportation/Mahy find,tlj^?m|^ 
selves deprived of their civil rights and few have access to social 
services. In all too many Third World countries, the intense 
pressures of joblessness are the product of failed population 
policies. 

Inflation's social consequences are just as severe. Rapid infla- 
tion can distort both economic and social values; where it 
prevails, speculators grow rich and savers'lose ground. Because 
inflation can wipe^out the savings of years almost overnight, 
retired people and others on low or fixed incomes can find 
themselves impoverished without warning. Inflationary stresses 
cart also aggravate social divisions within and among societfes. 
The ultimate threat that uncontrolled inflation imposes is the 
loss of confidence in social institutions. 

For hlindreds of millions, inflation's final payment is felt as 
hunger and malnutrition. For a substantial segment of human- 
ity, the rise in food prices since the early seventies has exceeded 
gains in real wages. While famine was viewed largely in geo- 
graphic terms before an internation<il food distribution system 
developed, it is now more appropriate to view this scourge as 
one that hits |ow iricome groups rather than specific locales. As 
world food prices rise, the poorest groups in the poorest coun- 
tries go without. 

For those alr.eady close to the margin of survival, food price 
rises mean that the pangs of hunger will become sharper and 
that fewer infants will survive. A Qatholic priest writing from 
Peru reports a dramatic rise in the number of emergency bap- 
tisms for infants. For i979,*be estimates that for Peru as a 
.whole, "The number of babies who die before they' learn to 
walk has jumped some 30 percent' —a tragic consequence of 
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the rise in.oil prices, fall-ofFof fishmeal production, an ineffec- 
tive family planning program, and government mismanage- 
ment'^ 

The economic stresses afflicting Peru are mir/ored in Ghana, 
where the rise in food prices exqeeded the climb in the general 
price^liEven))' 40~percent~during the semiTies^'^ In Accra, a 
worker spends three days' wages for a kilogram of meat, one 
day s wages for a kilogram of fish.'' Similar situations prevail 
in other hard-hit Third World countries, including northeast- 
em Brazil, Haiti, Cojombia, El Salvador^ Turkey, Egypt, Ethi- 
opia, and Bangladesh. 

Often, a deteriorating food situation is brought into sharp 
relief by a drought, a flood, or an outbreak of crop disease. In 
1975, a team from the Johns Hopkins University School of 
Hygiene aqd Public Health gathered detailed data on mortality 
in the District of Companiganj, in Bangladesh, Their .data 
documented starkly what many had long suspected— that even 
within a poor society, the poorest suffej much more when food 
becomes scarce. 

Revealingly, death rates differed profoundly according to the 
victim's landowning status. The less land the fan^ily ha^, the 
less likely were all of its members to survive a food crisis; 
and death was a frequent visitor to that one-fourlh of the 
population that owned no land at all. (See Table 6-4.) Those 
with three acres or more had a death rate only fractionally 

Table 6-4. Death Rate by Size of Landholdings, Companiganj, 
Bangladesh, 1975 



Size of Land 


Deat/i 


Holding 


Rate 


(acres) 


(per thousand) 


None 


3^8 


.01-.49 


28.4 




21,5 


3-Oo-f 


12.2 



Source The Johns Hopkins University School of Hygiene and Piibhc^Hcallh 
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higher than that of a typical Western industrial society. Per- 
haps the most disturbing message of these figures is what they 
pQxttnd f Jr the future when population growth further reduces^ 
. the average size of landholdings and swells the landless popula- 

Scarcities of firewood, like those of food, directly affect the 
quality of life in the Third World. Peace Corps volunteer Paul 
Warpeha. reports that Reforestation around Andean villages 
near Quito forces villagers to make a f ull-day trip up the moun- 
tainside to reach remaining treef.^5 Such a heavy expenditure 
of village, labor has reduced the number of hot meals to one per 
day. 

In addition to nutrition, other social goals also disintegrate 
in the furnace of population growth. During the early sixties, 
many newly independent Third World countries established 
i impressive health and educational goals such as compulsory 
prim^ education aimed at bringing about universal literacy. 
As the sixties and seventies wore on and, population growth 
' continued unchecked, however, many governments discovered 
that their school systems were being inundated by youngsters 
vvhom they could not accommodate, so officials quietly aban- 
' ' doned their goals of universal education. 

Increased life expectancy, reduced infant mortality, and 
other social objectives embraced in happier days have also been 
scaled down. According to Davidson Gwatkin of the Overseas 
Development Council, "Demographers have been revising 
their mortality as well as their fertility assumptions; and their 
^mortahV revisions are as sobering as their fertility revisions are 
hopeful/'^^ Earlier United Nations projections of average life 
^ expectancy in the Third World of 68 years by the end of the 
century were in 1978 re'duced to 62 years. Projected declines 
in infant mortality have similarly been modified. 

The era of rapid social progress that characterized most of 
the third quarter of this centujy appears to have .ended. With; 
out fundamentally shifting priorities in the use of the earth's 
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resources and in social reforms, many countries will watch the 
prospects for sharp improvements in the living standard fade. 
Where population growth is most rapid, a deterioration in 
living conditions may result. 

As social stresses jnultiply and begin to translate into social 
and political unrest, beleaguered governments often resort to 
treating the symptoms jather than the causes. In recent years, 
governments in countries such as Turkey ocTerO'have been 
paralyzed by the political, unrest and friction generated by the 
mounting economic stresses. Where stresses intensify to this 
extent, the political survival of governments can replace eco- 
nomic progress as a goal. v 
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he economic stresses of the eighties have their roots in eoyi- 
ronmental deterioration and resource scarcities. Testifying to 
the inexorable law of diminishing returns, they arc anchored in 
eroding soils, shrinking forests, declining fisheries, deteriorat- 
ing grasslands,~and dwindling oil reserves. These mounting 
economic stresses are indicators of unsustainability^evidence 
that humanity ^not continue on the current path. 

If civilizatioq^js to be sustained,^will have to be along 
another road. Effectively addressing the forces that are under- 
mining the economy will require nothing less than a thorough 
reorientation of population and economic policies as well as a 
restructuring of economic activity. Merely to adjust monetarjj 
or fiscal policy will not do. To^date, many of the remedies 
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prescribed— such as the turn to **supply side" economics in the 
United States — have been directed toward the symptoms 
rather than the causes. 

Major course corrections do not occur easily. Nor do they 
ate place in r Vacuum. Rather, they occur in response to 
economic and social stresses and to maturing projections of 
new economic realities. As inflation worsens, as unemployment 
climbs, as hunger and malnutrition spread, pressures to change 
course will intensify. Unless political leaders, begin to address 
the causal factors, confidence in social institutions will con- 
tinue to erode. 7^ 

As efforts to analyze the new economic afflictions become 
.more-^sophisticatcd, .they will lead to changes in perception. 
One consequence of analyzing more carefully the relationship ^ 
between ourselves and the natural systems and resources that 
support us will be the realization that population growth now 
affects us differently than it once did. Until a decade or so ago, 
population growth reduced but did not preclude gains in per 
capita production of such basic commodities as forest products, 
seafood, and petroleum. Only as world population moved 
toward four billion did it begin to outpace the production of 
the basic commodities on which humanity depends. Now, if 
population growth continues as projected, a decline in material 
living standards the world over may be unavoidable. 

Among the forces that are undermining society, population 
growth ranks at the top. Population growth cannot continue 
indefinitely on a finite planet. Everyone agrees that it will 
eventually halt. But when? And how? Will it be because birth 
rates fall or because death rates climb in response to malnutri- 
tion or outright starvation? Stabilizing world population size is 
. extraordinarily difficult and challenging^^but the recent highly 
successful efforts by some countries to slow population growth 
show that even the most formidable threats to civilization are 
not necessarily unmanageable. In a world seemingly engulfed 
in pessimism, these successes are reassuring reminders that we 
can in fact govern our own destiny. 
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The official UN mediurn-level.|)opulation projections, used by 
planner throughout the world, show population expanding to 
seine 10.5: biUiori M eventualW stabilizing a ceutuiy or 
lmbrcihen8e.i A second set of projecljpris,;made by the Worlcl 
Bank and published in its WoHd D^elopment Report for^ 
1980, shows world population growth stabilizing at a somewhat 
l^r level of 9:8 billion.^ Central to both-the UN and World 
Bank projections is the assumption that ii) countries where 
fertility is high, it will decline as economic arid social develop- 
ment.occurs. Both also assume that all nationaLfertility rates 
/that are currently below the replacement lev^l will rise to 
replacement by 2005^, The UN and BanW projections differ in 
emphasis: The UN concentrates on the remainder^of this cen- 
tury while the Bank; with its longer term planning horizon, is 
also concerned with the early twenty-first centuryA^ 

Even under the Bank's projections, which take into account 
recently reported fertility declines in developing countries, the 
growth in store for some countries can only be described as 
phenomenal India is projected to add neady another\billion 
people to its 1980 population before stabilizing at 1.64 trillion, 
while neighboring Bangladesh and Pakistan are expected to 
increase from 89 million and 82 million at present to 314 
million and 332 million. If all these countries grow as pro- 
jected, the Indian subcontinent would be home to 2.3 billion 
pec^Je, more than the entire wond population of 1940. Nige- 
riaVpopulation of 85 million today is projected to increase to 
425 million, almost as many people as now populate all of 
Africa. Mexico's poj^lation would increase from 70. million to 
.205 million, roughly the U.S. population at present. Brazil 
would go from 126 jnillibn to 345 million before it stabilized 
. a century hence. Populations of Central American countries — 
El Salvador, Guatemala, and Nicaragua— would triple before 
stabilizing. 
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These population projections jeflect two sets of assumptions 
--TOtie explicit and one implicit. Among the explicit ar^ the 
country-byH^ount^^ assumptions about future? fertility levels^ 
sex iati^, life expectancies, and numerous other demographic 
variables. If these explicit assumptions hold, then the projected 
increases in world population will materialize. But population 
growth does not occur in a vacuum. Cunent projections of 
world population are based on the implicit assumption that 
supplies of energy, food,, and the other natural resources 
needed to support human life will continue to be available. 
* Even apart from the difficult of sorting out these two t>'pes 
of assumptions^ assessing the impact of population growth on 
the earth's resources is complicated analytically because both 
population growth and rising affluence exert pressure on the 
earth's resources. Each docs so to similar effect, and between 
1950 and 1973 ^ch accounted for roughly half of the 4 per- 
cent or so annual growth in the world demand for goods and 
services. Since then, however, global economic growth has 
\ fallen to less than 3 percent per year, and the population 
coinponent of the overall growth in global demand has become 

• dominant,^ 

Pressures are mounting on resources in a wa^ that will influ- 
ence future population trends. To be realistic, demographic 
models need to incorporate feedback mechanisms that reflect 
changing attitudes toward population size as the various eco- 
logical and economic stresses associated with continued popu- 
lation growth materialize. This, in turn, calls for improved 
analyses and understanding of the relationship between popu- 
lation growth and the earth's basic human life support systems, 
including energy supplies. 

The Changing Backdrop 

* Meaningful population projections must be based on an under- 
standing of the carrying capacity of the earth's natural biologi- 
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qil systems. If they arc not, unrealistically large increases in 
numbers look feasible. As noted earlier, populations in many 
locales are already outgrowing their basic life-support systems 
and excessive demands for goods are leading to the consump- 
tion of the biological resource base and the exhaustion of soils. 

^ With world oil production leveling off and population con- 
.tinuing to grow, the oil supply per person is now falling at more 
or less the same speed that population increases. By the same 
token, as the world turns from fossil energy to renewable en- 
erg}' sources, the area availabje per person to collect the solar 

; influx either biologically or mechanically becomes a central 
determinant of energy-consumption levels. These upper limits 
posed by the collection area suggest that in the absence of an 
effort to halt population growth far sooner than now projected, 

, humanity may literally lack the energy to further improve its 

lot. . ^ 

While the recent downturns in per capita production of 
many cssential^^commoditics pose problems, the prospect of a 
downturn in per capita grain production may be the most 
worrisome of all. During the early fifties, the annual growth in 
world grain production was nearly double that of population 
but since then growth has been slowing. As it slowed, produc- 
tion s edge over population fell from 1.2 percent annually in 
the fifties to 0.5 percent in the seventies. (See Table 7-1 .) This 
margin of improvement has narrowed and almost disappeared 
during the seventies, even with the return of idled U.S. crop- 
Table 7-1. Groulh in World Grain Production by Decade, Total and 
Per Capita, 1950-80 



Decade 



1950-60 
1960-70 
1970-80 



Decade 
Rate 


Annual 
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Annual Rate 
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36 
32 


3» 
2.8 


- oi 


20 
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land to production. If the growth in grain production continues 
to .slow, it could fall below population growth, leading to a 
worldwide decline in per capita grain production. Indeed^ in 
Africa, the cQntinent with the fastest population growth ever 
recorded, foocl production has already fallen below population 
growth. The first continent to experience a sustained decline 
in food output per person, it suffered a 14 percent decline 
during the seventies; 

Should per capita grain production begin to fall worldwide, 
compounding the per capita production declines of other com- 
imodities, the world's economic maladies would quickly worsen. 
Inflation, for exam]>le, would become far more virulent. As the,- 
U.S. Government's Clobal 2000 Report concludes, ''Unless 
the nations of the world act quickly and decisively to change 
current policies, life for most of the world's people will be more' 
difficult and more precarious in the year 2000 than it is 
today."** 

As the eighties begin, population growth is not mertly an 
obstacle to improving our lot: it may eventually make improve- 
ment impossible. If we continue to consume our biological 
capital and ''mine" our soils then we will seal our fate as surely 
as did the Mayans. The demographic path we are on is untena- 
ble, inconsfstent with the evx)lution of a sustainable society. 
The time has come to reject the assumption that the world's 
population will double over the '*ext generation. Instead, we 
should establish gojls for slowing population growth that are 
consistent not only with a sustainable society but also with 
continuing improvements in the human condition. 

A Stabilization Timetable 

Given what is now known about the carrying capacity of the 
earth's renewable resource Systems and the pressure on remain- 
, ing oil reserves, at what level should we aim to stabilize world 
population? A decline in the per capita fish catch could have 
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been avoided if population had stabilized at 3.6 billion in 1970. 
Had it stopped growing at foiir billion, beef output per person 
might still be incr^sing. And bad it topped off at four billion, 
we would have miicH more.time to develop alternatives to oil. 
Unfortunately, the advantages of stabilizing population growth 
are matched by the difficulties of dping so. 

• Demographers point out that even if fertility rates \yere to 
fall immediately to replacement level, population would con- 
tinue to grow for several decades in those countries, with many 
young people. This means that if population growth is not to 
be slowed by rising mortality, fertility may have to drop well 
bejowjreplacement le.vel in some societies, with one-child fami- 
lies becQi^aing the norm. 

Any abrupt reduction- in the birth rate w'ill lead to wide 
variations in size among age-groups. Whereas a sharp rise in 
the birth rate leads to an immediate rise in the dependency 
ratio (the proportion of nonworkers to workers), a sharp decline 
in the birth rate would have the reverse effect over the short 
* run. Eventually, it would rise again as the ranks of the elderly 
swelled, but there would be several decades to prepare for this 
increase. ^ 

The great difficulty in halting population growth quickly 
must, of course, be weighed against the social costs of failing 
to do so in time to avoid the collapse of the earth's major 
ecological systems. The resource analyses set fortli* in tlie 
preceding chapters, combined with an appreciation of the diffi- 
cult^ in reining in population growth quickly, suggest that the 
sum of the social stresses on both sides might be minimized if 
world population growth could be brought to a halt somewhere 
around six billion. Adequately sustaining even six billion people 
would overtax some key resources, but it would be exceedingly 
difficult to stabilize at a lower level given the large number of 
young people coming into their reproductive years* Any esti- 
mate of what a reasonable stabilization level would be is, of 
course, necessarily subjective. While the deterioration of soils 
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or of biological support systems can be carefully charted, so far 
little attempt has been made to relate the deterioration of these 
systems to the deterioration of the economic systems that rest 
on them. 

Even with the comparatively modest world population in- 
creases inherent in such a goal, the per capita supply of forest 
products, seafood, beef, oil, and other basic commodities would 
undoubtedly decline further. But the prospect of bringing the 
decline in the renewable resources to a halt would brighten. 
Supporting even six billion people at acceptable consumption 
levels will not be possible without widespread rationing, more 
careful management of biological systems, stringent energy- 
conservation measures, materials recycling programs, and a 
more equitable distribution of vital resources both within and 
among societies. On the other hand, stabilising world popula- 
tion at six billion will not require any countr>^ to do what several 
countries have not already done. No country would have to 
reduce its birth rate any more rapidly than Barbados, China, 
Costa Rica, and Indonesia have over the last decade. 

Achieving a stable world population requires balancing 
births and deaths. Prior to the modern age, population stabil- 
ity rested upon just such an equilibrium between relatively 
high birth and death rates. However, with the introduction 
of modern medicine and sanitation, death rates dropped 
markedly. Lx)ng-term equilibrium in a modern society with 
typical "three score and ten" life expectancies is likely to occur 
with birth and death rates in balance at about 13 per thou- 
sand. 

National death rates now range from a low of six or seven 
per thousand when there is a relatively young population in 
good health (such as in Malaysia or Sri Lanka) to a high in the 
twenties (such as in Ethiopia or Afghanistan) ^ The variation 
in birth rates is much greater— from just under 10 in W^st 
permanyand 12 in the United Kingdom to 47 in Nicaragua 
and 48 in Algeria. 
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Since fertilUy levels vary so widely between industrial and 
developing countries, they are best separated when construct- 
ing a timetable (or population stabilization. In the industrial 
countries, where populations are already growing slowly and 
where per capita consumption of essential resources is dispro- 
portionately high, equilibrium will come much sooner than it 
will in the less developed countries. 

Stabilizing our numbers at six billion will have to occur in 
stajgcs, with,developing countries following a slower timetable 
than the industrial countries. For their part, the industrial 
countries as a group would have to achieve a stationary popula- 
tion by the year 2000, In fact, several industrial countries have 
already reached this goal. Austria, Belgium, East Germany, 
Luxembourg, West Germany, Sweden, and the United King- 
^ dom Iftd essentially stationary populations in 1980. (See Table 
7-2.) The population of West Germany, which stopped grow- 
ing in 1972, is now actually declining by 80,000 per year. Most 
of the remaining industrial countries that have relatively mod- 
est population growth rates will likely halt growth well before 
the end of the century. To the extent that some industrial 

Tabic 7-2- Countries with Ksscntially Stable Populations, 1980* 



Annual^ 

Birth Death Rate of^ Annual 



Country 


Population 


Rate 


Rate 


Change ^ 


Change 




(millions) 


(per thousand) 


(percent) 


(number) 


Austria 


751 


n 5 




-06 


- 4.506 


Belgium 


986 


128 


i> ^ 


»5 


+ 14.790 


East Germany 


1674 


140 


>^9 


01 


+ ifilA 


Luxembourg 


0 ^6 


10 9 


105 


04 


+ »44 


*■ Sweden 


8 29 


118 


1 1 1 


07 


+ 5.80; 


Umtcd Kingdom 


55 95 




II 9 




+ 72J^5 


West Germany 


61 21 


100 






-79.67^ 


Total 


159.92 








+ 1 1 ,067 



•Excludes botli cinigrahon and inuiugration 
Source United N'ations 




148: Building^^ a Sustainable Society 

countries achieve stability ahead of schedule, others can lag ^ 
accordingly without disrupting the. overall timetable. 

Interestingly, in the seven countries where population size 
is now stationary, stabilizing population was not a national goal 
Rather, the decline in fertility flowed from social improve- 
ments. As levels of education and literacy rose, as employment 
opportunities for women expanded, as access to family plan- 
ning services improved, and as abortion laws were liberalized, 
people chose to have fewer children. This suggests that in 
' several European-countries, population size \Yould stabilize in 
short order if such pro-natalist economic policies as baby 
bonuses were abandoned. 

For the developing world, population would have to be sta- 
bilized more-gradually, taking four decades instead of two. The 
first step would involve reducing the average birth rate from 32 
per thousand (the 1980 level) to 26 by 1990. Each decade 
thereafter the rate would drop by 5 until reaching 1 1 in 2020, 
roughly the same as in Austria, Sweden or West Germany 
today. The crude death rate would remain at the 1980 level of 
12 until 1990^ rather than continuing the postwar decline, 
largely as a resuTF of higher food prices and severe nutritional 
stress. With population growth in the Third World slowing 
from 1.4 percent in 1990 to i.Q percent in the year 2000, the 
enhanced potential for improving nutrition would permit the 
,death rate to drop to 1*1 , where it would stay during the remain- 
der of the stabilization period. While some further improve- 
ment in living conditions would lower„the_dealhjite Jurthcr^ 
this would be offset by the aging of the population that follows 
a sustained decline in fertility. 

Lowering the average birth rate in the developing countries 
to 26 by 1990 will reqiiire a Herculean effort, one that many 
observers consider impossible. But while not all countries will 
reach this target, others are far ahead of schedule. Birth rates 
in Taiwan and South Korea are now 25 or below, while those 
in Barbados, China, Cuba, Hong Kong, and Singapore are 
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beloWv20. Tlie keys to meeting the'^timetable are China and 
India. China, whose population accounts fox one-third of the 
developing world, already has a birth ratfe of 18. India's 1980 
birth rate estimated at 34.^ Combined, India and China have 

t a 1980 birth rate of 24, already well below the, 1990 target. 
At the* otfier' end of the spectrum', more than a score of 
African countries "have, along with relatively high death rates, 
extremely high birth rates 6f between 40 and 50 per thousand. 
Needless to say, ia country such as Ethiopia— where the birth 
rate is 48— will be hard-pressed to reach the 1985 target. But 
if it docs not check its growth soon,' the famine that claimed 
an estimated 200,000 lives in 1974 could well return. The same 
applies to the string of countries across the southern fringe of 
the Sahara and dovyn Africa's eastern coast.- 

The stabilization^ target proposed here for the less developed 
nations may well strike even seasoned population analyst^ as 
unattainable. Yet, the consequences of not meeting it make 
any otli'er course almost unimaginable. Under this tlmetr^blei 
India, which is already struggling to feed and maintain political 
and economic order among its 676 million people, would end 
up with a population of close to one billion to provide for-^in 

^ 2020. Bangladesh, badly overcrowded with an estimated popu- 
lation of 91 million, would have to find the means of support- 
ing an increase of over 40 percent. And Egypt, with its current 
population of some 42 million, would have to squeeze nearly 
20 million more people into the crowded Nile Valley even if 
it met/ the proposed timetable. 

Under this timetable, the substantial declines irt birth rates 

between now and 1990 in both the industrial and the develop- 
ing countries would reduce the annual world population 
growth to 1.1 percent in that year. (See Table 7-3O The time- 
table is admittedly ambitious, but a^ttitudcs toward family size 
are changing and birth rates are stationary or falling almost 
everywhere. Should the world fall far behind the stabilization 
timetable, population pressures could become unbearable. 
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Tabic A Proposed Population Sta^lizaKbn Timetable \ 

World ' Annual Annual 

Year \ Population f* Growth'^^ate Inqedse 

(biljions)' j . (perceni), * (millions) 

1970. 3-6 , « .9 ' , ^ 

1980* 44 75 

1990 5'C> ' 55 

20CX) 5-5 » 44 

20x0^ 5-8 0.4 ' 23 

2020 ,6.0 o o 



Source: Worldwalch Institiitc, 

leading to widespread collapses of local biological life support 
systems. In this event, population growth would be checked by 
rising death rates rather than declining birth rates as scheduled 
in the timetable. 

Thus far, much of the global decline in population is concen- 
trated in a few of the world's most populous countries. The 
decline in China's birth rate between 1970 and 1980, among 
the most rapid of any country on record, may be family plari- 
ning's greatest success story.'^ This achievement in a country 
.where itiore than 6ne-fifth of humanity resides shov/s what a 
government committed to reducing fertility can do^when it 
attacks the population problem on several fronts simultane- 
ously. ' 

A second sign of hope, the decline of the U.S. population 
growth rate by one-third Between 1970 and 1975, surprised 
demographers.^ The sharp upturn in birth rates expected to 
occur when the children of the postwar baby boom entered 
.their prime reproductive years has n6t materialized. An unan- 
ticipated drop in the marriage rate, steady growth in female 
employment, a sharp"upturn in female enrollment Jn graduate 
and professional schools, and other social changes no doubt 
contributed to' this turn of events. 

Other .populous countries making irnpressive strides in re- 
ducing birth rates are Japan and Indonesia, the third and 
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fourth brgest countries in Asia. The fall in the birth-rate in 
Indonesia has coirie close to matching that in China— Both 
a)dntnes attributeaheir success in part to their village-level 
focus and to widespreajj local participation.^ In Japan, the late 
* seventies decline in th^ birth rate reflects more than anything 
else the sh??p fall-off in the number of women entering the 
reproductive yedrs.^^ 

While several West European countries now have essen- 
tially stationary populations, fertility declines in other countries 
are also helping to set the stage for population stabilization. 
Altogether, some 31 countries had a fertility level in 1980 that 
was at or below replacement level (the births needed for a given 
generation to replace itself, or roughly 2.1 births per woman). 
Including China, a recent addition to the list, these countries 
contain nearly 1.8 billion people, or roughly 40 percent of the 
world totaU^ 

Qnce fertility settles at the replacement level or below, it is 
only a matter of time until population growth stops. How long 
it takes varies according to the age distribution of the society. 
For some, stability is only years away. For others, generations 
may be required to reach equilibrium. In any event, it is now 
clear that population size can stabilize even when stabilization 
is not an explicit national goal. It is also clear that replacement- 
level fertility can be attained by countries with widely varying 
income levels and different cultures and religions. Available 
evidence, including'the most recent data on fertility, suggests 
that world population size can stabilize at a level far lower than 
that projected by the United Nations or World Bank, and good 
sense indicates that it must. 

The Family Planjiing Cap 

Providing family planning services to all who wantihem is one 
of the most obvious ways governments can help slow popula- 
tion grow^th. Despite steady progress over the last decade in 
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expanding the avaibbility'of contraceptive services, much re- 
mains-to be done.^By even the most conservative estimates, 
vast numbers are not yet served by family planning services. 
According to one study based on data gathered during the 
mid-seventies, close to half the world's couples have no protec- 
tion from unplanned pregnancies.^^ 

Data becoming available frcm the World Fertility Survey — 
a project that is interviewing some 350,000 women from 60 
countries (19 developed and 41 developing), asking them about 
their childbearing practices, beliefs, and desires— begin to 
show the dimensions of the family planning gap. In a detailed 
analysis of Colombia, Panama, Peru, Indonesia, Korea, and Sri 
Lanka, demographer Charles Wesfoff concludes that "the pre- 
vention of unwanted births . . . would reduce fertility by one- 
quarter to one-third in five of the six countries."^^ 

In country after country the World Fertility Survey, the 
largest social research project ever undertaken, has made it 
clear that the share of married women of reproductive age who 
do not want more children is large indeed. The Population 
Division of the United Nations observed in a paper presented 
to the World Fertility Survey conference that "there is no 
doubt that the desire to cedse child-bearing is surprisingly high, 
ranging from 30 percent in Nepal to 72 percent in Korea."^"* 
The larger the current family size, the more likely is the woman 
to want to stop bearing children. The UN report further notes 
that "a majority of the women with four living children in all 
countries report that they do not want any more. The range 
is subsfantial— from 52 percent in Malaysia to 92 percent in 
Korea." 

Even in a country as poor as Bangladesh, unfulfilled demand 
for family planning services is great. In 1980, Minister of 
Health and Family Planning Dr. M. A. Matin reported that 
"38 percent of eligible couples have said they want to practice 
birth control but only 17 percent have been reached by_seii 
vices/' ^5 What is even more surprising is that in some develop- 
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ing countries childlessness and^the one-child family are losing 
their negative stigma. Results of the World Fertility Survey 
show that "in most countries childlessness, or even the one- 
child family, is clearly regarded as undesirable. But in Korea 
and Mexico lo to 13 percent of women with no living children 
also reported that they wanted no more children. And in Peru 
and Colombia almost 20 percent of women with only one child 
stated that they wanted no more."^^ 

Many studies confirm that great numbers of married women 
who do not want any more childrea nevertheless lack access to 
contraception.^^ As some demographers havetnoted, this ap- 
parent gap docs not automatically translate into demand for 
family planning services, since some couples want no more 
children but lack the motivation to act on that desire. This 
unknown variable makes it difficult to estimate precisely the 
effect of the broadening availability of family planning services 
on fertility. 

^ Still, where the demand for contraceptives has preceded 
their availability, the initial provision of family planning ser- 
vices has led to a sharp decline in birth rates. Such was the case 
in Costa Rica, where the birth rate fell from 47 per thousand 
in 1961 to 28 in 1973.^^ Moreover, as family planning services 
become available, they tend to generate additional interest and 
demand for services. Westoff notes that ''as awareness in- 
creases so does demand."^^ In analyzing World Fertility Sur- 
vey data for Mexico over time, demographer James Brackett 
notes that "one indication of the expansion (in family planning 
programs] is the fact tjiat knowledge of family planning outlets 
in rural areas increased from 26 percent in 1976 to 60 percent 
in i978.''2o 

To be widely used, family planning services need to be 
readily accessible, preferably within 30 minutes travel time 
from the residence of the potential user. In addition, the ser- 
vices and contraceptive materials themselves must be either 
free or cheap. In explaining China's highly successful program 
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to an American delegation, Chinese official Liu Ching-Shen 
said, **W5e practice the principle that anyone who wants birth 
planfiing pan get it, and the government should pay for it/'^^ 
Experience also indicates that the more successful family plan- 
ning programs offer both males and females a wide range of 
family planning services and that clinic-based contraceptive 
services are usually less effective than community-based efforts 
that involve local people in setting birth rate goak, designing 
the program, and delivering th^ services. Indonesia's family 
planning program, described in a Worldwatch Paper on family 
planning by Bruce Stokes as a unique blenlJ of government 
initiative and local custom, has led to an impressive drop in 
fertility levels.^^ On the island of Java alone 27,cx)0 village pill 
and condom depots, many of them in private nomes, proyide 
ready access to contraceptive supplies. 

Regardless of the efforts made to meet these criteria for 
success, achieving a stationary population will be painfully diffi- 
cult if contraceptive services^re not backed by legal abortion. 
With the legalization of abortion in Italy in 1978, the share of 
world population living in societies where abortion is readily 
available reached two-thirds, up from one-third a decade ago .^^ 
Yet, one^third of the world's women are still denied this basic 
public health service except on illicit terms. 

Few initiatives will contribute as much to the sustainability 
of society as the extension of family planning services to those 
who desire them but lack access to them. In a world threatened 
by overpopulation, such an inexcusable gap should concern 
political leaders everywhere. 

Social Improvement and Fertility 

Demographers explain the relationship between social progress 
and fertility in terms of a three-stage demographic transition. 
In the first stage, social conditions are poor, both death rates 
and birtl' rates are high, and population grows little or not at 
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,aH In the second, social conditions begin to improve and death 
^ rates decline, but birth rates remain high — so population 
growth is rapid- In the final stage birth rates also decline, 
reestablishing equilibrium with death rates, and population 
grows slowly or not at all: 

While the demographic "transition theory" has provided a 
useful analytical framework within which to view the relation- 
ship between social progress and changes in fertility, it has its 
limitations. Indeed, many fertility declines appear to be inde- 
pendent of any social or economic improvement. Demogra- 
pher Michael Teitelbaum of the Ford Foundation believes that 
counting on the demographic transition to reduce fertility of 
its own accord is "wishful thinking," since the modest level of 
development that most Third World countries can aspire to 
will not, he says, be sufficient to stabilize population size.^^ As 
the data from the cross-sectional comparisons gathered in the 
course of the World Fertility Survey become available, they too 
point out some holes in the theory of demographic transi- 
tion.25 

Of all social mdicatdrs, the one that seems to correlate most 
closely with fertility decline is a rising level of education Sur- 
vey data from 27 study populations in the Third World show 
that women and men who have a primary education have fewer 
children than those who do not,^^ Fertility also declines when 
nations urbanize and when more women work outside the 
home. At the lower end of the social spectrum, among rural 
and agricultural couples, where both spouses have less than a 
primary education and where the woman does not work, the 
average number of children is 6.9.^*^ At the other end of the 
spectrum, where both spouses have at least a primary-level 
education or live in an urban setting and where the woman 
works, the average number of children is 4.2. 

The World Fertility Survey data indicate that the age of 
marriage is rising in most countries and that late-marrying 
people have fewer children. An analysis of data for 18 countries 
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by demographer Mercedes €oncepci6n shows that overall ''the 
age of marriage reported by women belonging to each educa- 
tional group shows a steady rise as schooling increases/'^® 

Marriage age appears to be increasing in industrial as well as 
developing countries. In the United States, the share of never- 
married women among those aged 20 to 24 increased from 29 
percent in i960 to 50 percent in 1980.29 In Denmark, where 
population stability may be imminent, the figure increased 
from 44 percent in 1970 to 59 percentin 1975-^^ 1" the island 
country of Sri Lanka, where the birth rate has declined steadily 
over the past two decades, the median age of marrfage of 
wonifcn is 23.9 years, reasonably high even by international 
standards but particularly so for a cleveloping country. The 
World Fertility Survey data for Sri Lanka indicate that^ the 
share of women aged 20 to 24 who are not married **has 
steadily risen from about 30 percent in 1946 to about ^ 
percent in 1975/' almost exactly the same level as Den- 
mark's.^* 

Expanding employment opportunities for womciV can also 
help curb birth rates. In nearly all the advanced industrial 
countries, rising employment for women in combination with 
other social and economic trends is reducing fertility In the 
United States, the share of women in the prime child-bearing 
years who arc working has climbed from two-fifths in i960 to 
two-thirds in 1980.^2 Similar trends are unfolding in Europe 
In the Soviet Union, 93 percent of women aged 16 to 55 are 
either employed or in school.^^ Soviet demographer Galina 
Kiseleva writes that this great incrc^ase in female employmenl 
ha:> brought about ^ transformation of the whole range of 
women's needs, including that for children. 

Although social improvements will undoubtedly continue to 
help rjducc family size, fertility is now falling in some com- 
munities and countries where living conditions a'-e actually 
deteriorating. In such places, the keys appear to be rhe active 
local participation of people in the design and implementation 
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/ of their family planning program, a broad understanding of the 
sociahieed to limit population size, and tlie widespread realiza- 
tion that reducing family size may be the only way out of the 
poverty trap. 

Incentives for Smaller Families 

Besides insuring ready access to family planning services and 
improving social conditions, governments can also use public 
policy to encourage smaller families. In societies where women 
are widely employed outside the home, maternity-leave policies 
can directly influence child-bearing decisions. In Singapore, 
women in civil service or unionized jobs get two months of paid 
maternity leave only for the first two children.^"* ^ 

Tax policies that limjt the number of "tax deductible;" chil- 
dren C3n also discourage couples from having large familigs.^^ 
_^.._j^s.0f 1973, Filipino law limit? to four the number of children 
for whom tax deductions can be claimed. More recently, Nepal 
has eliminated tax deductions for children altogether. In Sin- 
gapore, tax relief is granted for the first three children only. In 
contrast, in the United States, legislation to limit the number 
of tax-deductible children to two has not received the broad 
support needed for passage although a bill to stabilize U S 
population size through just such measures was introduced in 
Congress in early 1981.^^ 

While in the industrial countries the rise in the marriage age 
is keeping birth rates down, raising the legal age of marriage 
. in preindustrial societies can officially encourage a drop in the 
birth rate. In China, the officially recommended minimum age 
of marriage is 28 fOr men and 25 for women in the cities, 25 
for men and 23 for women in the country.^^ Overall, though, 
such minimums can be difficult to enforce, and they are appar- 
ently more widely acceded in urban than in rural areas An 
effort bv Bangladesh's Nynister cf Health and Family Planning 
to increase the legal age of marriage from 16 was blocked at 
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the cabinet level, while violations of India's minimuni^age of 
maniage are widespread.^® 

Other techniques used by countries to encourage small fami- 
liesunclude such incentives as preferred access to housing. 
Singapore, for example, gives priority access to public housing 
to families with no moire than two children. 

.While most countries now officially encourage family plan- 
ning, China is the first to undertake national birth planning. 
Each year, Beijing establishes a national birth quota ^s an 
integral part of overall economic planning. Two American 
demographers, Deborah Oakley and the late Fred JafFe, re- 
cently reported that commune officials "meet with their coun- 
terpart in each production brigade and transmit the target 
number of births for the brigade and its component teams 
during the coming year.""*^ These quotas are then translated 
mto birth permits, with allocations made on the basis of the 
couple's age and their current number of children. A newly 
married couple m their' late twenties would be high on the 
digjbility list while a couple in their, mid-twenties with a new- 
born infant might \>c encouraged to wait a few years before 
having another, child. 

Save for China and a few other pathbrcakers, few countries 
have full) accepted the challenge of inculcating public undcr-^ 
st^ndmg with the need for restricting future population 
growth. Yet, evidence shows that knowledge of the relationship 
between population size and the carrying capacity of natural 
systems, particularly at the national and community levels, 
mirkcdly influences people's chiid;^earing decisions The chal- 
lenge now is to bind the family's fate to the nation's— a chal- 
lenge first for govcrnmc?its and educators, then for individual 
men and women. 

China's One-Child Family Program I 

As part of the broad policy reassessment since Mao's death, 
China's new leadership has looked anew at population Analyz- 
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. ing the population-resource balance and the end-of-century 
prospect has been an unsettling experience. The handwriting 
on the wall appears distinctly Malthusian. China's population 
reached an estimated one billion in 1980. 

Foreign exchange shortages are playing a;, key role in 
China's reassessment. The country's capacity to earn foreign 
exchange is limited^ and yet China has become dependent 
on imported food that musN^c paid for in dollars. As the di- 
mehsions of the population threat have become clear, the 
Chinese leadership has initiated public discussion and distri- 
buted background information on the population-resource. ^ 
relationship. Now the Chinese know both how their national 
population-resource base compares with other countries 
and what changes are in store within China if population 
continues to increase.'*^ In particular, the literature points 
out that each Chinfcse currently subsists oil scarcely one- 
quarter of an acre of cropland, one of the sn[iallest per capita 
allotments in- the world, and that their children and grand- 
children can expect to haves^less still if population growth 
continues. 

Although China's birth rate has been falling and may already 
have reached an average of two children per couple, the leader- , 
^ ship understand^that even replacement-level fertility will not ' 
. do. Like many developing countries whose birth rates were 
high during the fifties and sixties, China has a large number 
of y(^mg people who are reaching their reproductive years 
during the eighties. Even if these couples have only two chil- 
dren each, Ihis would still add a few hundred million to the 
current population, an increase the Chinese no longer feel they 
can handle. With this in mind, the Chinese have launched a 
campaign to pronic^c the one-child family. In August 1979, 
Vice Premier' Chen iMuhua, the only female of that rank, 
announced that the government was taking ^teps to check the ^ 
birth rate. As well as outlining incentives for those who limit 
their families. Premier Chen Muhua declared that those ''who 
insist on having several children in spite of patient attempts at 
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persuasign and education" will 'be subject to "a multichild 
tax."« ^ ' - o 

Chinese-boni American demographer Pi-chao Chen reports 
that the first of the specific measures being used to encourage 
one-child families in China is a direct economic one: an in- 
crease in salar}' of five yuan (or roughly $3.25) per month for 
couples with only one child who pledge to have no more.^^ 
(The average salary in China is $26 per month,) In addition, 
access to housing will also be influenced by family size. Couples 
who limit their families to one fchild are assured of at least as 
much housing as those with a larger faijiily. In some cases, they 
may move ahead of others on the housing lists. Similarly, the 
only chile] will^ be given prefer^tial consideration in both 
school admtssions-ahd job assignm<ei\ts. Even gminjations will 
be influenced by family si2e.' Coupler* with on^child wilIg©^"S 
adult grain rations for that child, while in larger families* cliil;^ 
dren will receive the usual smaller aljormctit. Finally, besides 
.these more immediate advantageSy/etiremcnt benefits enter 
into the picture. Couples who Jdve 6nly^ one child will be 
eligible for a pension equal to 80 percent of their salary at the 
time of retirement compared with 70 percent for the remain-^ 
der of the population. Those who elect not to have any children 
will receive a retirement pension that equals their salary 

With this new program added to existing efforts to slow 
population grov^ th, China hopes to reduce its growth rate to 
Or 5 percent in 1,985 (The U.S. rate in 1980 was 0.7 percent/ 
excluding immigration.) Whether China will meet this ambi- 
tious' goal remdns 'to be seen, but by 'the end of 1979.29 
percent of all the one-child families had applied for the certifi- 
cates to establish their eligibility for the proffered benefits 
Pi-chao Chen calculates that if China "could raise its one-child 
rate to 50 percent by 1985 and maintain it at that rate there- , 
after, the country would achieve zero population gVowth by the 
ytar 2003."^*^ ^ ^ - 

China's plan is to halt population grbwth by the end of the 
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century at the latest. Beyond this, Beijing is now discussing a 
possible long-term goal of reducing its population (as is occur- 
ring inadvertently in West Germany today) to lighten the 
pressures on resources. Like the program to encourage the 
one-child family, the adoption of such a goal would represent 
another first in population policy. 

Inflation as a Contraceptive Force 

WHile history is of little help in judging the effect of sustained 
double-digit inflation on child-bearing, first-hand accounts and 
other indicators are revealing. In a visit to southern Senegal, 
Swiss demographer Pierre Pradervand found that villagefi 
. there wanted to know where they could get contraceptives^ 
how much they cost, apd hov/ well the various devices 
vvprked.'*^ Pradervand was surprised because when he visited 
the same village a few years earlier people had expressed little 
interest in family planning Apparently, inflation had made the 
difference. The prices of many of the basic goods the villagers 
buy— kerosepe, clothing, grain— had doubled within a three- 
year span. While the inflationary forces that are eroding the 
living standards of Senegalese Villagers are beyond their con- 
trol, they nonetheless realize that they can offset the impact of 
inflatio/i by reducing the size of their families For them, infla- 
tion Iras become a contraceptive force. 

la Mcxico, government family-planning officials were sur- 
prised to discover in 1979 that residents of even the most 
rer;iote villages are eagerly awaiting the arrival of birth-plan- 
ning services. Dr. Jorge Martinez Manatoii, coordinator of 
family planning services, concludes that ''because of economic 
pressures, the peasant is becoming aware of the need to limit 
the size of his family.'*'*'^ 

In the United States and other advanced industrial societies, 
the impact of inflation may be even greater than in Third 
World villages. Besides coloring people's child-bearing deci- 
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sions inflation may push more women onto the job market as 
couples attempt to protect their standard of living with two 
incomes. When that happens, birth rates usually decline. 

In centrally planned economies, where pri^fs are fixed, 
shortages at the fixed price may have the same effect as infla- 
tion does in free market economies. In the Soviet Union, for 
example, housing is reasonably priced but scarce. This shortage 
of living space* in a climate where much time is spent indoors, 
undoubtedly dampens the enthusiasm for children, particularly 
since newlyweds must sometimes wait years for an apartment 
of their own. In The Russians, Hedrick Smith cites Muscovites 
who commonly joke that one of the primary methods of birth 
control is the housing shortage."*^ 

In parts of the Third World, economic stresses are leading 
to a rise in the age of marriage — much as they did after the 
potato famine hit Ireland in ^he nineteenth century. In Sri 
Lanka, rising uneinployment among young men appears to be 
delaying marriage since parents are reluctant to allow their 
daughters to marry young men who cannot afford to establish 
Independent households."*^ While inflation affects population 
v-growth primarily through its impact on child-bearing decisions 
at the individual level, slower economic growth may prompt 
governments to accelerate the adoption of national policies and 
programs to slow population growth. 

The impact of an economic slowdown will, in most cases, be 
greatest in those societies where population growth is most 
rapid. Indeed, a fall in the economic growth rate to 2 percent 
per year would not pose any serious problem for West Ger- 
many or Belgium, where population growth has ceased. In- 
comes there would still rise by som'^ 2 percent per year. But 
it could wreak havoc in Senegal or Pakistan, where population 
is still expanding by 3 percent or more per year Population 
projections will mean little unless tb^y take account of the 
eflPects of economic stresses on national population policies and 
on individual child-bearing policies. In any event, more realis- 
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tic projections and more awareness of the new effects of popu- 
lation growth are needed if that growth is to be halted in time. 

A Gradual Awakening 

Among those who regularly wrestle with the consequences of 
population growth, the danger is clear. Former World Bank 
President Robert McNamara consistently argues that world 
leaders underestimate the gravity of the population threat. He 
beHeves that "the options are closing, the easy answers are 
disappearing, the hard choices are becoming more insistent.'''^ 
Here and there, national political leaders are beginning to share 
■ his concern. 

The initial manifestations of population pressure vary from 
country to country. In Mexico, it took the form of rising 
unemployment. Political leaders became alarmed when they 
realized that even economic growth at an impressive 7 percent 
a year simply could not create enough jobs to accommodate all 
the new entrants into the labor force. Coupled with the return 
to -food deficit status in the seventies following the dramatic 
Green Revolution gains in food production, rising unemploy- 
ment induced an abrupt turnabout in Mexican population 
policy. In April 1972, the government abandoned its pro-natal- 
ist stance and launched a nationwide family planning program. 
In Egypt, the leadership was jolted into action when it was 
calculafceci that.the pqpulation increase in the Nile River. Valley 
during the period the Aswan High Dam was under construc- 
tion would totally absorb the additional food production the 
irrigation project would make possible. 

Perhaps the most surprising development in population pol- 
icy has taken place in Canada, where future resource supplies 
have become a matter of public discussion. Many Canadians 
are.disturbed by the recent loss of the traditional exportable 
energy surplus, a loss that occurred as domestic needs soared. 
At the same time, agricultural planners, alarmed by .the sac- 
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rifice of »the most fertile cropland to urban sprawl, fear Can- 
ada's exportable food surplus may also dwindle. A recent study 
by the Science Council of Canada suggests trying to limit the 
end-of-century population to 29 million, an inarguably modest 
increase over the current 22 million.^^ If such studies lead to 
concern in such a richly blessed country, what would similar 
studies prompt other, less well endowed countries to think, and 
more to the point, to do? 

As the dimensions of the population problem grow more 
apparent, the more forward-looking national political leaders 
are responding. Recent years have brought a sharp increase in 
requests from developing countries for assistance in family 
planning. Indeed, the principal aid agencies in this field — the 
United Nations Fund for Population Activities, the Interna- 
tional Planned Parenthood Federation, and the U.S. Agency 
for International Development — are being overwhelmed with 
such requests despite modest growth in their budgets. But 
• these sensible moves are not enough in themselves. They must 
be augmented by those of the "laggard" nations — be they 
developed or developing — and by more far-reaching programs. 

As world population moves toward five billion, humanity is 
moving into uncharted territory. The dynamics of the relation- 
ship between population size and the earth's natural resource 
systems are uncertain and in some respects unpredictable. If 
population continues to expand rapidly, living standards for 
substantial segments of humanity are certain to fall. Just how 
the sustained erosion of living standards will in turn affect 
family size is hard to say, but governments and individuals may 
well take steps to reduce population growth more quickly than 
has been thought possible. In any case, if population stabiliza- 
tion is the measure, the transition to a sustainable society has^ 
begun — albeit slowly and largely in response to enormous pres- 
sures. 
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Braking population growth is necessary to preserve our re- 
source base but it is by no means sufficient. Prot^pting crop- 
lands will require new national initiatives in land-use planning 
and erosion control throughout the world. Arresting^deforesta- 
tion, overgrazing, and gverfishing will force us to^earn to 
maximize the sustainable yield, even at the expense of the 
_curient_yield_And-chai:ting_a_smooth transition fropi fossil g 
fuels to renewable energy will involve Rigorous energy-conserva- 
tion efforts. , • . \ , 

The.sMayans, the Mesopotam'ians, the Carthaginians— 
these culturally extinct people who lived in an era when envi- 
ronmental tensions mounted slowly— probably did not under- 



172 . 



166: 



Building a Sustainable Society 



stand thfeJorces undermining their economies. We do know 
what threatens us. But still lacking is the broad public aware- 
ness needed to launch an effective response. Without that 
understanding, the needed shifts in priorities, programs, and 
funds are not likely to materialize. Conversely, in the handful 
of nations where such understanding does exist, headway is 
being made against the abuses of land, forests, species, and 
other finite resources, and against the threat of overpopulation. 
The few positive national responses to each of these problems 
stand as models for other countries to follow. 

Land-Use Planning 

As population pressures mount, conflicts in land-use multiply 
and make plain the need for land-use planning and cropland 
preservation. Our present lack of well developed land-use poli- 
cies is a legacy oi the frontier era when fertile virgin land was 
available, the potential for raising cropland productivity was 
great, and energy was cheap. Unfortunately, countries that use 
land inefficiently invariably use other resources inefficiently as 
well. Sprawling suburbs and "leapfrog" developments not only 
gobble up cropland; they also make transportation and the 
delivery of services inefficient and wasteful of energy. 

With food prices on the rise, agricultural land can no longer 
be treated as an inexhaustible reservoir of land for use in indus- 
trial development, urbanization, and energy production. On 
the contrary, cropland must be viewed as irreplaceable, a re- 
source that is paved over, built upon, or otherwise taken out 
of production only in emergencies and only after public delib- 
eration and choice. As former U.S. Assistant Secretary of Agri- 
culture M. Rupert Cutler aptly observes, "People must fully 
understand the irreplaceable value of prime farm land and the 
ominous meaning of the war between the bulldozer and the 

Historically, the marketplace has functioned as the arbiter 
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of land use. Unfortunately, though, the market does not pro- 
tect cropland from competing nonfarm intierests. ,For that, 
careful land-use planning is needed at the national level, the 
local level, or both. Whether in the form of legislation, govern- 
' ment decrees, or such incentives as differential tax rates, the 
only defenses against the ultimately destri^tive opportunism of 
the marketplace are land-use planning ami restrictions. 

Until recently, most governments have sqyed out of land- 
use planning.' But niany.that have rationalized their neglect- 
have overlooked the fact that- both national and local govern- 
ments shape land-use patterns— whether or not they view 
themselves as planning authorities. A study by the Organiza- 
tion for Economic Cooperation and Developments (OECD) 
notes *that ''governments have long been malcing^aecisions 
directly bearing on the use of certain lands, such as \\4ien a 
motorway is to be built or when, under the heading of agncul- 
tural policy, some area is marked for irrigation."^ Within t;he 
United States, scores of national policies and over 20 fedeml 
agencies have directly or indirectly influenced land u^e.^ 

The first step toward a national land-use polices classifying 
land according to its productivity. This step h^ many prece- 
dents. The United States and Canada, for e)(ample, have agri- 
cultural land-classification schemes based on the categorization 
of land into seven classes. In the United Kingdom, agricultural 
land is divided into five grades according to its productivity 
Similar systems are used in Denmark, France, Portugal, Swe- 
•den, and West Germany, while Australia and New Zealand 
estimate land productivity on the basis of tax returns.** 

An OECD study comparing la'tid-use planning internation- 
ally reports that japan is the only country with comprehensive 
zoning nationwide.^ In 1968, the entire country was divided 
into three land-use zones— urban, agricultural, and other. In 
1974, the plan was further refined to include forests, natural 
parks, and nature reserves. Acutely pressed for space and land- 
based resources, Japan has faced the issue first, developing a 
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highly succcirtul model that other countries can emukte. In- ' 
deed, even though its hundred million people are crammed 
onto a mountainous sliver of land smalleri than California, 
Japan produces an exportable surplus of rice, the national food 
staple. 

In the OECD countries, where there is little opportunity for 
reclaiming new land, land lost to urbanization or other uses is , 
permanently removed from agriculture. Consequently, during 1 
the sixties, Belgium, France, the Netherlands, and West Ger- \ 
many established national land-use guidelines, and accorded ^ 
planning responsibilities to local communities.^ Besides pro- ^ 
tecting agricultural land, such gi>idelines also address such is- 
sues as the control of urban sprawlrand the need for both parks 
and urban green belts. 

Among the Western industrial countries, France appears to 
have by far the most effective farmland preservation program. 
Law professor Anne Lx)uise Strong of the University of Penn- , 
sylvania ascribes the French success to the work of local non- 
profit Societes d'Amenagement Foncier et d'Etablissement 
Rural (SAFERs).^ Statutorily empowered with^the right to 
preempt any sale of farmland. Strong observes that these local 
societies both "assist those who wish to remain in farming to 
obtain suitable land and to keep prime land from being subdi- 
\ided." SAFERs were authorized in i960 as nonprofit organi- 
zations and were empowered to buy and sell farmland. They 
can be organized within a single department (county) or can 
span several counties. As of 1981, SAFERs cover virtually all 
of France. Charles Little, president of the American Land 
Forum, reports that SAFERs purchased 2.1 million acres of 
land and sold 17 million acres between 1964 and 1975.® Al- 
though they buy only about 1 2 percent of the agricultural land 
up for sale, their influence is far greater Even when not exer- 
cised, their right of preemption has an important effect on 
market behavior. 

In some countries, including the Netherlands, land-use plan- 
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ning is viewed as part of a broader approach to managing all 
physical resources. Such a comprehensive approach involves 
planning not only the u§e of land, but^lso that of water and 
energy, so as to maximize the benefits from all.^ 

In Canada, land-use planning has been left largely to the 
provinces, with British Columbia providing early leadership. 
Despite the image of Canada as a land-rich country, the area 
of high-quality farmland is limited. In British Columbia, less 
than 5 percent of the land area is suitable for farming. G. G. 
Runka, Chairms^n of the British Columbia Land Commission, 
indicated that it was "the scarcity of agricultural land in British 
Columbia and the increasing expansion of urban 'uses onto 
some.of the best agricultural lands that led to provmcial legisla- 
tion to preserve agricultural land use for future food produc- 
tion/'ii 

Within the United States, national land-use planning re- 
mains rather rudimentary. So far, the government has done 
little beyond setting aside national P?irks, forests, and wildlife 
reserves. Most zoning is local, consisting largely of restricting 
the use of land for commercial purposes. While efforts by states 
to protect^agricultural land were nil before the seventies, sev- 
eral states have since launched programs to preserve farmland 
For example, in 1972 Massachusetts established a program 
with an initial appropriation of $5 million to purchase ''agricul- 
tural preservation restrictions.'?^ This program was aug- 
mented in 1980 by the Massachusetts Farmland Trust, a paral- 
lel private initiative. 

After mapping, one of the first steps that states customarily 
take topreserve^farmland is to enact differential tax-assessment 
laws. William J. Sallee of the U.S. Department of Agriculture 
• describes these as "laws under which farmland is assessed for 
taxes on the basis of its value in agricultural use regardless of 
what other uses or values it might have."^-* As of early 1980, 
forty-six states have laws or1:onstitutional amendments that 
enable local governments to assess taxes on such a basis. 
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New jersey, passage of the Farmiand Assessment Act of 1964 
slowed the conversion of Jarniland to other uses and, conse- 
quently, its diversion from agricultural purposes. "If farmland 
in New Jersey were to be taxed at the going rate for urban and 
suburban residential and industrial uses," says New Jersey Sec- 
retary of Agriculture Philip Alampi, *'it would be impossible to 
maintain agriculture as a business in the state."^^ 

A second technique for preserving farmland, the purchase of 
development rights from farmers, surfaced in the early seven- 
ties to a warm reception. This approach involves getting two 
assessnients for the value of land — its value for development, 
and its value for farming. The diflference between the two, the 
"development rights" for the land, can be purchased from 
farmers by either state or local governments and held in per- 
petuity, regardless of how many times the land changes bands 
Once the development rights of land have been purchased it 
can be used Orlf for farming. The principal disadvantage of 
this approach is its high cost. Yet, the process is cumulative and 
even though it starts on a small scale, the area protected ex- 
pands with time. 

Zoning too can be used to prevent the conversion of farm- 
land to nonfarm uses, though this approach is useful primarily 
in heavily rural communities. For example, in rural Black Hawk 
County in northeastern Iowa, the county zoning plan both 
preserves prime farmland, and permits well-conceived residen- 
tial development on land of lower agricultural productivity 
Under this plan, prime farmland is defined as land that yields 
the equivalent of 115 bushels or more of corn per acre. On it, 
-aii-residentiaWevelopmentr-is-prohibited— 

Of course^ many countries must solve more basic problems^ 
before they can follow Black Hawk County's^ lead. In some — 
namely, in Latin America where peasants struggle to continue 
ruinous .cultivation on mountainsides while cattle graze in the 
valleys^— destructive land-use patterns have evolved as a result 
of a skewed landownership. Where prime cropland is in grass 
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and steeply sloping hillsides that should be grass are being 
plowed, the key to more sensible lapd use hinges on a reform 
of these feudal land-holding systems. * j 

No two countries or communities can approach zonii^ in 
precisely the same way; each must work out the details of 
programs to preserve cropland. Yet, all face the need to order 
priorities among competing uses. As Richard C. Collins of the 
University of Virginia points out, "Land-use conflicts and their 
resolutions represent a litmus test of national values, attitudes, 
and directions."^® 

Emuring Soil Security 

Halting soil erosion requires a staggering effort, one compli- 
cated by social factors. In most countries, the challenge is so 
vast that only a strong national political commitment and a 
detailed plan of action will suffice. In the United States, the 
Soil Conservation Service has risen to that challenge by outlin- 
ing a national plan that would bring the annual loss of topsoil 
' down to a tolerable level. In addition to maintaining the 
conservation systems already in place, some 158 million acres, 
or 38 percent of the 413 million acre cropland base, need 
additional attention. Of this total, 17 million acres of cropland 
is eroding so rapilJly that SCS recommends that it be with- 
drawn from cultivation and converted to either forest land or 
grass, land. The remaining 141 million acresTof cropland that 
is currently losing more than five tons of soil per year requires 
the /adoption of some form of conservation tillage such as 
terracing, contour farming, strip cropping, or minimum tillage 
Over the next 50 years the USDA estimates that the im- 
plementation of these programs would require $ro3 billion in 
budgetary appropriations, or roughly $2 billion per year.^o 

Apart from the heroic effort requiredpadopting these soil- 
saving measures would in many cases run counter to the imme- 
diate economic interests of farmers and consumers. The cost 

c 



172: Building a Sustainable Society , 

to farmers of adopting the needed measures will raise food 
production .costs and prices. To the extent that severely ero- 
sion-prone land is withdrawn from crop production and con- 
verted to other uses, it will reduce food supplies and raise prices 
jn the short run. Yet, difficult though this increase might be 
to accept, the alternative is to do nothing and face soaring food 
costs over the long term as soils deteriorate. 

At this writing, the program proposed by the U.S. Depart- 
ment of Agriculture in 1980 has not yet been adopted but there 
is growing recognition of the ptobleni. Whether it will be 
adopted will depend on the support of the Reagan Administra- 
tion .and Congressional leaders. It is the type of plan that a 
mapr^ty of the world's countries now need if their soils are to 
be stabilized. 

Half a world away, Indian officials arc wrestling with the 
same issues that trouble U.S. ofHcigls and soil scientists. Al- 
thoL jh it has three times as many people as the United States, 
India has a cropland base that is almost exactly the same size, 
roughly 350 million acres, but political support for soil conser- 
Catiun IS miniscule Despite the highly visible deforestation of 
the Hiinalaxas, the denudation of watersheds, and the increas- 
ing freqaencN of ciop-destroying floods, the problem is not 
being addressed. According to B. B \'ohra, a senior Ministiy 
of Irrigation official, "E\en at the national level, there is as yet 
not even a broad perspective plan for the care of the'land, no 
exact information regarding the extent and the location of 
lands which require protecti\e and ameliorative trea'tment, and 
no agc^noj specifically charged with the responsibility for the 
assessment and management of our irreplaceable land and soil 
resources/l-J_ 

In the Soviet Union, the loss of topsoil appears to be even 
greater than it is in the United States. Indeed, mounting Soviet 
rlepcnOence on imported food is due less to a lack of land than 
to low productivity Unfortunat.ely for Soviet consumers, few 
of whom arc even aware of the threat, governmental support 
for remedial action is even weaker than in India 
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In the world's semi-arid regions, soil degradation translates 
into desertification. While virtually every national government 
in the world's semi-arid regions has sponsored anti-desertifica- 
tion programs, most such programs have been too scattered or 
too weak to reverse the process. In view of this dispiriting 
record, successful anti-desertification programs such as Israel's 
are all the more deserving of emulation Parts of the Negev 
Desert that suffered thousands of years of overgrazing and 
deforestation are once again productive and prosperous Con- 
trolled grazing, improved dry-land farming techniques, and the 
adoption of innovative irrigation practices all contributed to 
the transformation. As uncommonly successful at mobilizing 
people to accomplish common goals as Israel, China too has 
been struggling to halt deterioration of its huge desert area 
Algeria, Iran, Somalia, and Sudan are also launching large-scale 
environrtlental restoration programs aimed at halting tlie des-^ 
ert's -pread and restoring productivity on debilitated land ^2 

The economic wisdom of making massive efforts to protect 
and.cnhance the productivity of the world's arid lands has been 
well established. According to UN estimajl^, the cumulative 
degradation of rangclands and iinirrigated farmlands has cost 
farmers and consumers $12 billion a year— all of it paid in lost 
production.-*^ If damage due to waterlogging and salinity is; 
added, the >earl> losses total nearl> $16 billion Fortunately, as 
arid-lands specialist .larold Dregne has emphasized, few of the 
degraded areas have passed the point'of no return In most, full 
productivitv could return with wise management ^-* Further- 
more, according to UN calculations a worldwide anti-desertifi- 
cation program that invested $4^ .lion-per-year would yield 
a handsome financial return 

Yet, detailed studies on the economics of soil conservation 
fo. eroding soils do indicate that the short-term costs of conser- 
vation programs often exceed the short-term benefits As the 
studv of southern Iowa soils showed, the immediate costs to 
farmers of reducing soil erosion to a le\cl that would not reduce 
inherent productivity would be three times as great as the 
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benefits.^^ In these circumstances, only government's willing- 
ness to share the costs of the needed meg^pres— terracing, 
contour farming,/ strip pfopping, x:over cropping, rotating 
crops, fallowing, and planting shelter belts — ^will induce farm- 
ers to fight soil erosion. In some countries, the expenditures 
required simply to stabilize soils will dwarf the total appropria- 
tions for agriculture Yet, the alternative is for governments to 
lieglect the short-term deterioration and then face long-term 
fobd scarcity as the cropland base deteriorates. 

Time too is at a premium— time to lay the groundwork fo'r 
such massive financial investments and time to train the people 
required to do the job. Because they are too leisOrely, tradi- 
tional approaches to financing and training will almost, cer- 
tainly fail. More promising is the deployment of paraprofes- 
sionals. In 1'hird World countries, the best .approach may be 
to tram village leaders who are themselves fanners to master 
soil-conservation practices during the off season so that they 

' can help design and administer local soil-conserving plqffs 

But even proof of the long-term profitability and necessity 
of conservation just isn't sufficient. While soil scientists can 
chart a national plan of action in det^iil, as they have in the 
United States, they cannotf call forth the political support 
needed to fund aad administer such ^ phn IndeecMJ S soil 
scientist R.A. Bnnk and .his colleagues, writingjn l^nc^, 
question whether in our prejdominantly urban society an^^ 
can^ge;ieratc needed support until thQ food crisis deepens ^'^ 
In predominantly rural societies, where most people are illit- 
erate and hard-pressed, just to. survive, a lack of public interest 
m soil conservation stems from other roots Farmers in many 
Third W^orld villages can muster little concern about the future 

*'*whcn their immediate survival is in qifestion In India, reports 
6. B; Vohra^ ^*An ir^ormcd public opinion cann^Jj^ . , be 
wishedjn*lo existence overnight A great deaT^of pairtlloKing 

""and'palicnt work will have to be don^to wipe out- the backlog 
of ignor^ncq, inertia, and complacency. . . ."^^ 
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The xnost'iinportaiit ingredient missing from ansiiccessful 
responses to the growing menace of soil erosion is pohtical will 
grounded in awarenesj. People know that food prices are rising, 
but most don't koow quite .why. An understanding-that lost soil 
flieans lower productivity, \vhich in turn meansjess and costlier 
food, is needed io iritulcate a national soil conservation ethic 
Given the ij^^ssssaj/information, more people will understand 
not only the compelling environmental reasons for adopting a 
iiatfcnal conservation ethic, but also the economic payoff in 
implementing a program based on it. 

Stabilizing Biological Systems v « 

Efforts to protect the biblbdfal s>slems th^^upport the ceo- 
iioini^ svsteni deserve to Te higiron^unianity's political 
agenda. In practical terms, ensuring biological protection 
means dcvismg comprehensive econoitic pohcies and plans 
that hniit the offtake or harvest from fisheries, grasslands, and 
forests. But lowering consumption to a sustainable level is 
complicated sinoe man> resources are still held in coWno" 
Fisheries have been particularlv plagued by "thc4r|^d>^^ 
the commons"-'^ In a vva>, overfishing is the inexoraRtrout- 
come of the unwritten law of the seas, which long hc4d that 
oceanic resoukes belonged eqiiallv to all Of course, this ''law'' 
served well oiilv as long as oceanic resources exceeded the 
human capacitv to exploit them. When dverfishing first be- 
tame a Widespread problem, the mternational community tried 
to organi/e an oceamc regime with the authority to manage 
fisheries in society's long term intercut Bold and innovative, 
this concept nevertheless eluded tht! political graspof the inter- 
national coniinunitf Although the threat of overfishing was 
already clear when the third United Nations Conference on 
the Law of the Sea convened in 1973, conference delegates 
quickly discovered that individual couijtries were not prepared 
to l^ne their fishing rights arbitrated b> an international body 

) 
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The alternative hammered out\after years of'negotiating is 
a system of Exclusive Economic Zones (EEZ): individual 
countries now control the waters within 200 mil6S^joJ their 
coastlines. While this approach does cover 99 perccntdf the 
oceanic fish catch, it leaves vast stretches of water uncontrolled 
and cor\tains an imjwrtant loophole.^^ Merely according coun- 
tries the legal authority to manage their off-shore fisheries does 
not ensure that those fisheries will necessarily be well managed. 
Indeed, even the basic step of determining the sustainable 
yield of a fishery and establishing annual quotas accordingly 
requires ffiformation and analytical expertise in marine biology, 
oceanography, and other disciplines that few coastal Third 
World countries possess. Consequently, the risk of establishing 
an unrealistic quota— and thus either wasting fish or destroying 
a fishery— is high. ^ 

If the quotas for a given species in a giv.en fishery are set too 
high, disaster ensues. John Gulland, chief of the Marine Re- 
sources Service of the FAO Fisheries Department, points out 
that even though Antarctic whale stocks were controlled by a 
catch quota in the fifties, there was a lack of reliable scientific 
information on sustainable yields. A§ a result the quotas were 
set tod high and "the Antarctic whale stock collapsed and the 
Antarctic whaling industry virtually disappeared ''"^^ Similarly, 
the Peruvian anchovy fishery collapse in 1972 might have been 
avoided had a reasonable quota been in effect. ^ 

Besides information, many countries lack the naval resources 
needed to enforce compliance with the quotas they have estab- 
lished. In some instances, efforts to prohibit fishing by other 
countries in the EEZs have been completely ineffectual But 
even with these drawbacks, the institutional machinery for 
managing fisheries to nlaximi/c their sustainable yield is at last, 
in pl^ce. 

The same protein hunger that has led to overfishing has led 
to overgra/ing. Like soil erosion and overfishing, overgrazing 
increases food supplies and lowers food prices in the short run, 
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but at the cSipeiise of tlic long run. Moreover, the severity of 
overgrazing, like that of soil erSsion, is greatest in Third World 
countries, where Cur^ative resources are limited and group^ovvn- 
ership complicates resource nianagemeht. 

In many African countries, where cattle play a central eco* 
nomic role and where all grazing lands are held in common, 
effective land management is exceedingly difficult. Where live- 
stock populations have multiplied along with human popula- 
tions, as they have in the Sahelian-zone countries, excessive 
pressures on the land have become graphicall) evildent during 
recent droughts. Some communities-^nd nomadic groups have 
lost all of their animals, others lost many or most. Thf9 unmet 
challenge in ^uch cases is largely social and institutional With 
the traditional constraints on population growth removed, no- 
madic and semi-nomadic societies have no means of regulating' 
grazing to check grasslands deterioration. - / 
The proper response tb this challenge is training and erti- 
powering clan lead^^ to regulate grazing and migratory maVe- 
meiits, using their knowledge of natural conditions andAhe 
, advice of range iiVanagement specialists. )eremy Swift, a B/jtish 
specialist in pastoral development, has proposed creating pasto- 
ral cooperatives in Somali^ ''to ta}ce on spnie of the funptions 
of traditional pastoral society, such as the regulation pFgrazing, 
security against the loss of animals, regulation of cpiiflicts over 
land use, and making investments in the land ''^^ Apart from 
introducing ecologicall) sound management, these coopera- 
tives could also provide a two-way communicatign channel 
between tlte nomads and governments of tlie states they tra- 
verse. 

As with inanv other adjustments called for I'h the transition 
to a sustainable socictv, ending overgrazing calls for changes in 
values. In many Third World societies, particularly in Africa, 
status and wealth are measured b> the number of animals one 
owns. While tins wasj^^nce a reasonable yardstick, it is no* 
longer appropriate where overgrazing leave, herds and flocks 
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half-starved Inclcc J, if instead the output of meat, milk, and 
other livestock products was the measure of success, sharply 
reducing the size of herds would' make sense. This seeming 
paradox — reducing herds to increase livestock yields— is ropted 
in the nature of livestock metabolism. Roughly half the food 
a grazing animal consumes is required just for bodily mainte- 
nance and survival, another fourth is required for reproduction, 
and the final fourth goes into milk production, growth, and fat 
storage.^^ Any cutback in 'feeding forced by the depletion of 
pasture is mosily-at the expense of these latter functions. 

To open the way for herdmanagement and gra/.ing policies 
that emphasize productivity over herd size, marketing systems 
for livestock products will hav(g to be developed. Herders will 
pennancntlv reduce the size of their herds only if they under- 
stand the need for change, have a say in decisions as change 
IS carried out, and sec in a revamped livestock::management 
system a genuine opportunity for a better life for themselves 
and their children. 

Of course, most ranchcii uho own the grassland that sup- 
ports their cattle know prcciscl) how many cattle their land can 
sustain without damage and thus usually carry a number some- 
what smaller than the niaxinmm so as to allow a margin of 
safety for periods of drought, in the United States, most graz- 
ing land is owned by individual ranchers, so its problems are 
a far cry from those in Africa and the rest of the developing 
world. Still, much U.S grassland is publicly owned This land 
is managed b> the Bureau of Lar.d Management, which leases 
the grazing rights to local ranchers. But while U S ranching 
is sophisticated and U.S. ranchers are well aware of overgraz- 
ing s effeett, local BLM officials often find themselves pres- 
sured by ranchers to permit grazing beyond the level that the 
land can sustain over the long term Residents of the same 
community as the ranchers, they cannot easily resist commu- 
nity pressures. Consequently, well over half 'of the .publicly 
owned gra/mg l^nd in the United States is now deteriorating 
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While overgrazing occurs in both industrial and developing 
countries, ovei the past generation most deforestation has been 
concentrated in the Third World. In the United States, the 
area in forests has held steady and in some places even in- 
creased during this century as agriculture migrated westward , 
^and much of the abandoned terrain in New England, Ap- 
palachia, and the Southeast returned to forest.^^ Whether 
forest acreage will' remain stable ss those large groups born 
during the two decades following World War 11 form 
, households and as industries and residential consumers turn to 
wocxl for fuel remains to be seen. 

Elsewhere in the industrial world, continental Western 
Europe and Japan have also stabilized the area in forests, 
largely as a result of public intervention and control. But these 
countries have relieved the pressure on their own forests in part ' 
byVcatly increasing their impofts.^^ The upshot is redoubled 
pressure m Indonesia, Malaysia, Thailand, and other Third 
World countries w licre wood-cutting is subject to fewer restric- 
tions. 

This **gofor bust'* approach contrasts sharply with policies 
in industrial wood-exporting countries such as Finland and 
Suedqn. As demand for forest products has outstripped the 
sustainable yield of Scandinavian forests, these two leading 
forest-products suppliers have begun to restrict the annual har- 
vest Finland's response has been to establish a national quota 
on the offtake from its shrinking forests, and Sweden may 
shortly follow the Finnish example. 

In many Third World countries, deforestation can no longer 
^ be blamed upon a lack of awareness. Instead, a lack of means 
for controlling wood cutting is at fault In many cases, a hand- ^ 
ful of forest officials has the impossible task of keeping throngs 
of desperately poor people from scavenging for the wood they 
need for cpoking In others, the national need for foreign 
exchange, particularly to pay the oil-import bill, has poor-ccun- 
' try governments up against a wall, they will not limit the 
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offtake from their forests if doing so means doing without oil 
Controls on wood cutting do not by themselves make a 
forest-management policy. At the global level and over the 
longer term, they can be effective only if combined wjth other 
measures— paper recycling in the industrial countries, the use 
of more efficient wood stoves in the Third World; and, ulti- 
mately, efforts to halt population growth, • ^ 

Not all programs for restoring the balance between human 
demands and the sustainable yield of the basic biological sys- 
tems that satisfy these.demands will be popular. On the de- 
mand side, programs aimed ^it slowing population growth and 
making more efficient use of resources are progressing far too 
slowly because they are not seen as serving the self-interest of 
the participants. On the supply side, governmental actions to 
assure a sustainable yield may raise prices of animal protein or 
f9rest products in the short run, 'even as they assure supplies 
over the long run. At the global level, overfishing. Overgrazing, 
and deforestation all call for efforts to limit the harvest from 
these systems,' but deforestation calls for a massive tree-plant- 
ing effort as well. * 

Reforesting the Earth 

Aside from family planning, few activities can contribute more 
to the evolution of a sustainable society than planting trees As 
governments have come to recognize the multiple economic 
roles and ecological functions of forests, many have launched 
reforestation programs. Yet, for a number of reasons, the fail- 
ures greatly outnumber the successes. ^ 

Often, the need for reforestation is recognized too late, only 
after protecting new plantings from fuel-hungry villagers and 
hungry cattle or goats has become well-nigh impossible In 
some instances, inexperienced foresters plant species that are 
ill-adaptcd to local conditions. In others, the overall approach 
is ill-conceived, so the ^ eople involved often do not stand to 
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benefit. One such case has been described by Erik Eckholm in 
Losing Cround. In Ethiopia, a rural reforestation effort orga- 
nized as a pubh'c works program was launched for the right 
reasons — to control soil erosion and eventually provide fuel- 
wood supplies. Lx)cal \illagers, majiy of them landless laborers, 
were.paid lo_w wages to plant trees. But whenever they were not 
super\'ised, these villagers planted the seedlings upside down to 
express their resehtnient of a feudal social structure iin which 
the tree-planting program's ultimate benefits would accrue to 
the landlords. 

Although the overall record is dismal, not all efforts at refor- 
esta^on have fallen flat. Exciting successes in SoutFi Korea, 
Gujarat, (one of India's western states), and China Have not 
only kindled new hope among foresters and government* plan- 
ners, but have also featured inn0\ations that may find wide use 
elsewhere in the world. 

In reforestation. South Korea has emerged as the model 
much as Israel has become the model for desert reclamation 
Within a decade, the face of the Korean countryside has been 
transformed. As recently as 1970, South Korea was a barren, 
denuded country plagued b; soil erosion Its hillsides were 
eroded,"and the land had lost most of its water-retention capac- 
ity But as of 1977, some 643,000 hectares (roughly half the 
area in rice)' had been planted to fast-growing pine trees 

The keys to Korea's success have been the organization of 
the federally linked X'illage Forestry Associations and the di- 
rect participation *b> \illagers in reforestation efforts Through 
an association composed of a representative of each of its 
^louseholds, each participating village plants, tends, and har- 
vests the woodlots without pay/*^ Harvested wood is dis- 
tributed among households, and the proceeds from any mar- 
ketable surplus are used to support other community develop- 
ment pfoiects. The reforestation program's primary economic 
objective* of producing enough firewood to satisfy the fuel 
needs of rural communities has been met The economic gains 
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are obvious to the villagers: the switch back to local wood 
supplies nieans they can now pocket the 15 percent of their 
income they were forced to spend on coal when firewood 
became, scarce. " ^ j 

The Korean achievement is exciting. Even as ecological 
deterioration was reversed, a new national energy r^ource was 
crated, all within a matter of years and all by combining 
seasonally idle tabor and unused land. Capital inputs in the 
form of seedlings were minimal; the decisive factor was the 
organizational te*jhnique for mobilizing villagers. 

Another community forestry success story is beginning to 
take shape in India in Gujarat. Several years ago the state 
forestry office began to see that existing forest reserves, how- ^ 
'ever skillfull/ managed, could not begin to satisfy local fire-.' 
wood needs. !n 1969, under the leadership of M. K.^Dalvi, the 
government of Gujarat launched a village woodlot-develop- 
ment program, planting trees on roadside strips, irrigation 
canal banks, and other state-owned larid.'*^ The idea in each 
case was to let a .nearby community take responsibility for 
managing the woodlots. 

in an early evaluation, a state official, B. K. |hala, reported 
that the "early roadside apd canal bank plantations did not 
.involve public participation to the degree that we hoped social 
forestry can achieve, but they nevertheless marked a criticaP 
psychological turning point. Seeing stands of trees arise on 
what had been.desolate ground, people started to realize that 
forestry is possible around their communities and that trees c^n 
grow quickly."**^ Among other things, these new plantations 
began to altdr the relationship between community residents 
and forestry department officials, from one of suspicion to one 
of cooperation. 

Once local suspicions were overcome, the number of village 
tree plantations began to multiply. Erik Eckholm reports that 
within four years some 3,000 of the 18,000 Gujarati villages 
were participating in the program, and the number of villages 

13'3 • 1 



Preserving Our Resource Underpinnings .183 



involved continues to incrcase.^^ In 1978, nine years after the 
project's tentative beginnings, some 6,000 of the state's 17,000 
kilometers of roadway and canals combined were lined with 
young trees. Each year, another 1,500 kilometers of tree plant- 
ings are to be added.'*^ Within India, Gujarat leads the way in 
social forestry. But the model it provides serves not only for 
other Indian states, but other countries as well. 

The story of China's forests also bears telling. Between 1949 
and 1978, official figures show, China's forested area expanded 
from 5 percent of the country to 12.7 percent.'*^ (Swedish . 
forestry e:Jpert Reidar Persson estimates that China's forested 
area has increased from 30 to 60 million hectares over the last 
three decades»)'*'^ This upturn reflects China's massive mobili- 
zation of mral labor during the off-seasori for reforestation and 
other efforts to reduce flooding and soil ert)sion, to increase the 
supply of firewood in rural areas, and to produce lumber for 
construction and industrial uses. 

Governments arc not alone in their efforts to reforest barren 
plains and denuded hillsides. The World Bank, the UN Food 
and Agricultural Organization, and the U.S. Agency foi- Inter- 
national Development are also involved. The World Bank, 
calculating both the ecological and economic costs of defores- 
tation, now supports community-based forestry projects along 
with the commercial timber ventures it has traditionally 
backed in Third World countries. These projects ^re tailored 
to specific conditions in individual countries. In India, South 
Korea, and Malawi, the Bank is emphasizing firewood produc- 
tion through community woodlots and individual farm plant- 
ings.**^ In both India and iMalawi, these investmc?«ts in fire-' 
wood production have been wisely combined with a loan ^ 
program for buyers of more fuel-efficient woodstoves. 

In Nepal — where extensive deforestation is leading to flood- 
ing, soil erosion, and siltation downstream in the flood plains 
of Pakistan, India, and Bangladesh— World Bank investmeiit 
ill reforestation is designed to reforest the hills and arrest exccs- 
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sive runoff. A second objective is to create village woodlots.^^ 
If tliese prove successful, villagers would not have to substitute 
cow dung for scarce firewood at the expense of food produc- 
tion. 

The Bank also supports noncommercial reforestation proj- 
ects in Sahelian Africa to help halt the advance of the Sahara.^^ 
A loan has already been "made to Niger to help expand its 
meager remaining forested area. Other loans earmarked for 
similar purposes are under consideration for Mali, Upper 
Volta, and other Sahelian countries. 

The World Bank is supporting yet another approach in 
northera Turfey, where an extensive tract of valuable forest is 
largely inaccessible. The Bank plans to underwrite the con- 
struction of a 26,000 kilometer road network that should per- 
niit the more effective use of the forest, take the pressure off 
other regions, and allow for the forestation of some wasteland 
areas with fast-growing species. 

The strength of the World Bank's connnitment can bc^seen 
in its long-term- lending trend. Between 1968 and 1977, for- 
estr> lending increased roughly tenfold, from about 5 10 million 
to Sioo million per year.^^ Another fivefold increase is slated 
between 1979 and 1983, by which time annual lending should 
reach a half billion dollars, and Bank-sponsored forestry pro- 
jects should be under way in some 40 to 50 Third World 
countries. 

With increased interest in local forestation and reforestation 
over the last decade, both governments and scientific organiza- 
tions have begun to idenuf; the species with the most potential 



is the plant family Le§^^ifwiosae, which contains some 18,000 
different species of legumes, only about 20'of which arc widely 
cultivated. FAO forester Michael Arnold describes one 
Leguminosae tree shrub, Callhidcir callothyrsus, thai prouts 
and coppices so vigorously that it can be harvested as early as 
at the end of the first year/'53 jsTqcI Vietmeyer of the U.S. 
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National Academy of Sciences reports tliat this tree can be 
han'csted annually for up to 15 years, providing SQme 35 to 65 
cubic meters of wood per hectare.^-* In Java, some 30,000 
hectares of this spectacularly fast-growing tree have been estab- 
lished in'local firewood plantations. 

Perhaps the most promising of the woody regumes is the 
Lcueaemlcucoccphala or "ipil-ipil," now widely planted in the 
Philippines. These t>ees can reach the height of a three-stor>' 
building in two years and a six-story building in six to eight, and 
they can produce 30 to 50 cubic meters of wood per hecbre 
annually. According to \'ietmeyer, one exceptionally vigorous 
stand in the Philippines actually produced 100 cubic meters 
per hectare, per year, a marvel even compared to the world's 
fastest growing trees." (A well-managed pine plantation in the 
tenjperate /one, says Vietnieyer, produces only about a tenth 
as much wood.) The ipil-ipil tree also fixes nitrogen, making it 
ideal for revcgetating eroded hillsides in the tropics Its nitro- 
gcn-rich leaves provide nutritious forage for cattle and an excel- 
lent compost for crops. 

Along uith these biological "discoveries " the new concepts 
of^imnumitv forestrv, agroforestry, and village woodlots are 
.>^Hermg traditional forestrv. Indeed, the World Forestry Con- 
ference held m '.978 m jakarta luav v\ell have been a turning 
pomt for the forestrv profession. At this "Forests for People " 
congress the FAO director general Fdouard Saouina noted 
that vKhile commumty-based forestrv \\;{^ "still in its infancy/' 
It represented an important nevK approach to satisfying basic 
hun.an need.. Ke also vKarncd the international assemblage of 
professional foresters that the nevK forestry "introduces prob- 
lems vKhich are far f.moved from your tradit^ional traim'ng 
In thc-pav^^JujrsLcidjAv^^Plkcd largely vKith trees The rela- 
tivcK infrequent human contact aTis vv|th poachers But with 
the advent of conununity forestry, the comp^lliiig need is to 
work coopcrativel) v^ith all those whose interests Jie in the 
output of forest products. 
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One keystone of the new forestry is making wiser use of 
existing forests. In the United States, for example, many forests 
in New England and Appalachia are not harvested at all. Na- 
tionwide, only a minbr share of the forested area, much of it 
privately owned, is managed to maximize its yield. Both har- 
voting those neglected forests that are not reserves, parks, or 
protected wildlife habitats and maximizing sustainable yields 
will lessen pressure on forests elsewhere, particularly in the 
Third World. ^ ^ 

The. potential for agroforestry (the cultivation of trees, often 
on^land not suitable for cropl) is in some parts of the world 
enolrmous. Indian environmentalist Shankar Ranganathan esti- 
mates that some 40 to 50 million hectares of degraded land in 
India is suitable for agroforestry. ^'^ Converting this land to 
forests could, he contends, provide millions of jobs and sizably ' 
increase India's gross national product. Here again, such a 
program would combine unemployed labor and unused land, 
creating a productive resQyrce. 

The forces behind the annual loss of some 6,000 square miles 
of forest land per year, most of it in the developing countries, 
have already gathered considerable momentum. Encouraging 
signs that this trend can be arrested do crop up here and there, 
but overall the pressures continue to mount. However ambi- , 
tious and successful reforestation projects are, they cannot in 
thcrnsel es restore a stable bpJancc between people and forests. 
But pursued along with the use of more efficient wood stoves, 
the adoption of paper-recycling programs, and the spread of. 
family planning services, they can do so. 

Preserving the Web of Life 

Cutting across the threats to biological systems is the potential 
loss of innumerable plant and animal species that help make 
up the web of '.fe. In a world that now iias over four billion 
demanding lum\ar\ inhabitants, preserving other forms of life 
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is no^longer a simple matter. As species specialist Norman 
' Myers notes, "When water bodies are fouled and the atmo- 
sphere is. treated as a garbage can, we can always clean up the 
pollutioh. Species extinction is final. Moreover, tfie impover- 
ishment of life on earlh-falls not only on present society, but 
on all generations to come."58 

Hunting and the discharge of toxic materials both contrib- 
ute to the loss of species, but the destruction of habitats is the 
overriding concern at this late hour. With a biological massacre 
ia prospect, the value of such measures as the U.S. Endangered 
Species Act and the establishment of parks and wildlife sanc- 
tuaries is becoming evident. Unfortunately, measures of this 
sort are no longer sufficient, partly because they focus more on 
the symptoms than on causes. 

Fortunately, these limited approaches to protecting species 
are not the only ones at our disposal. Since the issue is more 
fundamental than can be addressed by a ban or quota on the 
killing of forms of wildlife prized by hunters, tailors, or furriers, 
so is the solution. Indeed, reform must be aimed at modern 
materialism and human reproductive habits. If human popula- 
tion growth continues indefinitely and if materialism is pursued 
beyond the point at which it bears any positive relationship to 
well-being, then the pending biological massacre may be un- 
avoidable. - 

At the international level, some encouraging initiatives have 
been launched in recent years. One, the Convention on Inter- 
national Trade in Endangered Species of Wild Fauna and 
Flora, came into effect in 1975. Although confined to trade 
policy, it provides a significant instrument for the endangered 
species of animal wildlife. The key to achieving the agree- 
ment's full potential, though, is getting many countries that 
have not yet signed to cooperate. 

As efforts to.protect endangered species have evolved, it has 
become clear that a species-by-species approach to protection, 
is no longer adequdteilt is equally clear that we can.no longer 

\ 



188: 



Building a Sustainable Society 



hope^Dsave all species. Biologist Thomas Lovejoy believes that 
we shoMI||now make the difficult decisions ^lat battlefield 
commanders d.o, deciding which casualties to try to save and 
which to abandon. Since saving ever>'thin^is impossible, the 
reasoning goes, net losses would be minimized if the species 
whose prospects look bleakest were left to disappear and if all 
available energies and resources were concentrated on the most 
important that remain. In any case, available resources can be 
more effective if they are focused on the preservation of habi- 
tats. Thus, UNESCO's decision to organize a worldwide net- 
work of ecological protectorates— "Biosphere Reserves' —in 
which extant species can be preserved in their native habitats 
is pivotal. As of mid-1978, 35 countries had committed a total 
of 144 areas that encompass a wide cross-section of the pfanet's 
biological diversity.^^ 

As concerns over potential biological impoverishment 
mount, it is becoming obvious that protection programs should 
be focused where the richest concentrations of plant and ani- 
mal life are— the tropical and subtropical regions of the devel- 
oping countries. This fact has as much political as biological 
significance since most of the countries needing to make the 
greatest efforts to conserve their indigenous flora and fauna are 
those that can least afford to do so. In a Worldwatch Paper on 
endang'^red species, Erik Eckholin contends that ''this predica- 
ment buld be at least partially untangled through the interna- 
tional sharing of the- costs of habitat protection by which 
wealthier nations would contribute to conservation-related ex- 
penses in poorer countries. If the world's extant species and 
gene pools are the priceless heritage of all humanity, then 
people everywhere need to share the burden of conservation 
according to their ability to do so.''^^ ^ 

As the eighties begin, a few governments in affluent indus- 
trial countries are beginning to help the Third World countries 
that are attempting to develop a conservation infrastructure In 
addition, the World Wildlife Fund, the International Union 
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for the Conservation of Nature, the Nature Conservancy, the 
New York Zoological Society, and other private groups d.-e 
providing both technical and capital assistance to countries 
interested in. setting up wildlife preserves and parks. ^ 

These governmental and private efforts aside, responding 
quickly and "fully to the threat of species extinction is still 
^ difficult given the lack of public understanding. Raising funds 
and generating publicity to save the whales or the whooping 
cranes is easy enough, but mobilizing support for thousands or 
even miHions of less glamorous, though not necessarily less 
important, species is another proposition altogether. These 
broader, inore comprehensive, more essential efforts do not 
lend themselves to sloganism. Only when economic planners 
and political leaders understand that biological impoverish- 
ment ultimately leads to economic impoverishment will^an 
effective strategy evolve, one that deals with causal factors, not 
merely symptoms. >^ 

Beyond the Throwaway Society 

Th'e throwaway society evolved when energy was cheap, raw 
materials were abundant, and when far fewer people were 
competing for resources than do today. But, with origins in a 
begone era, the days of the throwaway society arc numbered. 
Societies that fail to adjust to this reality arc likely to pay with 
a falling standard of living. 

In modern industrial economies, materials such as metal, 
glass, and paper arc often discarded after a single use. As a 
result, the world's high-grade ores are being exhausted, urban 
waste disposal sites arc becoming scarce, and pollution is ex- 
ceeding tolerance levels in many communities. At the same 
time, the ^yastcful use of materials is promoting doublc-digit 
inflation. 

The throwavyay society operates on the principle of planned 
obsolescence, a concept introduced by the automobile indus- 
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try. In the industry's early yea^s, competition led to price wars 
and to product inipiovements.^enry Ford worked diligently 
to perfect his Model T, permitting only those year-to-year 
changes that improved the car's performance and durability. 
Wary of frivolous change, he was thus able to lower the Model 
Ts price from $780 to $290 over a 15-year period.^^ Left 
behind in this price competition, other manufacturers, led by 
General Motors, hit upon the idea of making annual style 
changes. By introducing new models each year, Detroit made 
tliose produced in earlier ^ears appear out of fashion and less 
desirable. 

The clothing industry, almost by definition "fashion con- 
scious," puts even trend-enslaved Detroit to shame. Each 
year's collar, hemline, and lapel is calculated to make those of" 
preceding years a^ear to be outmoded. By forecasting the new 
designs and colors for the coming season, clothing manufactur- 
ers not only shape consumer tastes and buying habits, they also 
dictate that trillions of serviceable garments made of precious 
natural fibers and oil-based synthetics are retired from use for ♦ 
no good reason. . • 

The appeal of convenience too has played a role in the 
evolution of the throwaway society. Prepared foods come pack- 
aged in aluminum ovenproof containers that can be thrown out 
instead of washed. Paper towels replace kitchen towels that 
need laundering. One novelty-crazed firm even designed a plas- 
tic throwaway camera that came loaded with film. The camera 
had to be returned to the manufacturer when it came time for 
the film to be developed. To extract the film, the manufacturer 
broke open the camera and then discarded it.^^ 

Too often, governments have ab(5tted industry efforts to 
discourage the reuse and recycling of materials. In the United 
States, policies adopted during the nineteenth century to en- 
courage the development of fledgling industries have long out- 
lived their usefulness. Mining and forest-product industries still 
enjoy anachronistic extraction allowances comparable to the 
depiction allowance the oil industry receives.^'* 
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^ Throwing a>yay materials after a single use also means throw- 
jing away energy. Conversely, recycling materials increases an 
jecohomy's energy efficiency and health. Consider a few exam- 
ples of the savings possible. The energy required to recycle 
aluminurn is only 4 percent of that required to produce it from 
bauxite, the original raw material, while the energy required to 
■ recycle copper is only a tenth that used to produce the original 
^ mater|>1.^5 For steel produced entirely from scrap, the saving 
amounta^to some 47 percent. Recycling newsprint saves 23 
percent of the energy embodied in the product and also 
reduces the pressure oh forests: a ton of recycled newsprint 
saves a ton of wood, a dozen trees. Recycling glass containers 
saves 8 percent, but returnable glass containers, of course, save 
far more energy. 

A materials-conservation policy based on recycling reduces 
' inflationary pressures at their source. Robert Fuller, author of 
a Wprldwatch Paper analyzing global inflationary pressures, 
points out that "an examination of the city dump may reveal 
as much about the causes of iriflation as does all the theorizing 
of mgnetary analysts.''^^ There, he says, one finds "innumer- 
able signs of profligacy and waste, the debris of our affluent, 
consumer ist, throwaway societies. -The inventory ranges from 
junked cars and furniture to thousands of cans and bottles, the 
, archetypal litter of modern times." 

Besides curbing inflation, abandoning our throwaway men- 
tality will also alleviate waste-disposal problems. In the United 
States, nearly one ton of solid waste per person is collected 
annually from residential, industrial, and institutional sources. 
At present, some 14,000 landfills and other disposal sites on 
-* jome 476,000 acres are in use.^^ Yet, this Rhode Island-sized 
dump isn't enough. Each year, several hundred new sites must 
be found to absorb the ever swelling flow of waste. 

Although advertising may blind us to the fact, planned ob- 
solescence can also be fought on aesthetic grounds. Not many 
heirlooms will be found among the consumer durables pro- 
duced today. Pride of craftsmanship has all but disappeared in 
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the drive to produce goods tKat wear out or lose their appeal 
quickly. Many modern home appliances cannot be repaired, 
even though it makes no sense to scrap the whole when only 
a part is broken. Yet, ironically, the engineering techniques and 
materials needed to design superdurable consumer goods are at 
hand,''' . 

Once the decision is made to reuse, recycle, and repair, the 
problem of waste should be tackled at its source in homes, 
offices, and factories and at large resource-recovery centers 
where trash is assembled. Separating materials at their source 
holds many advantages. In the case of paper, it keeps soiling 
at a minimum. In Sweden, which has both a genepus endow- 
ment of forest resources and a large forest pr9duct export 
industry, legislation now requires waste paper to be separated 
from garbage in individual homes, businesses, and offices.^^ 
Source separation also permits individual home owners to sepa- 
rate out kitchen refuse, leaves, and other organic materials for 
composting. A backyard compost heap both reduces the 
amount of garbage to be hauled away and provides a rich 
organic fertilizer for gardening. This in turn reduces the need 
to purchase costly energy-intensive chemical fertilizers If used 
to produce vegetables, the compost heap may help shoppers 
reduce the frequency of trips to the supermarket during the 
growing season. 

A less tangible benefit of source separation is the sense of 
participation thai it provides individuals. As Brian Hammond 
writes in the New Scientisty ''In an increasingly impersonal 
world in which political and economic events seem as arbitrary 
and unalterable as the weather, many of us feel remote from 
the real levers of power. At the individual level, recycling 
systems give us the chance to help to exercise control over at 
least one section of the whole complex and bewildering macro- 
economy."^*^ 

Where source separation is not feasible, resource-recovery 
centers provide an alternative. Typical of these centers is one 
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planned for Leningrad. Although the city of 4.3 million now 
has a facility that processes 580,000 tons of garbage per year, 
a. new plant scheduled to be operational by 1985 will be several 
times larger. This alternative is not, however, without its draw- 
backs 70 To be economical, such centers must be large and 
involve hundreds of trucks that create noise, odors, and traffic 
corigestion.- ' 

In some of the Third World's major cities, garbage is care- 
fully sorted by hand. In Cairo, most of the constituents of 
garbage are reused. As Denis Hayes wrote in a Worldwatch 
Paper on recycling, workers ''remove tin, glass, paper, plastic, 
rags, and bones from the refuse and forward tfeesc materials to 
factories and other markets within the city. They extfact about 
2,poo tons of paper a month that is reprocessed into some 
1 ,500 tons of recjcled paper and cardboard. Cotton and wool 
rags are converted into upholstery and blankets; metals are 
converted into new implements; even bones are used to make 
such things as glue, paints, and high-grade carbon for sugar 
refining. Most organic wastes are fed to pigs; the rest is con- 
verted into compost."^^ In a society plagued with unemploy- 
ment, this approach certainly malces more sense than the high- 
technology resource recovery centers used in cities in industrial 
countries. 

Ultimately, the solution to the waste problem is to reduce 
the amount of materials wasted. Container legislation is one 
step in this direction, whether its form be mandatory deposits 
on returnable bottles or absolute bans on nonreturnable con- 
tainers. In the United States, the Environmental Protection 
Agency estimates, national returnable bottle legislation would 
save annually some 500,000 tons of aluminum, 1.5 million tonS 
of steel, and 5.2 million tons of glass.'^^ These savings woylB 
in turn reduce by 46 million ''•arrels the oil consumed in the 
US each year— by enough, that is, to equal almost eight days 
of oil imports at 1980 levels. 

Besides cutting the volume of garbage down to size, enacting 
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returnable bottle legislation also reduces roadside litter. Michi- 
gan, Maine, Washington and other U.S. states that have 
passed returnable bottle legislation all report a substantial re- 
duction in litter. \ 

One of the most imaginative approaches to the container 
problem is one being explored in Denmark, wHere beverage 
container design would be standardized with, say, five standard 
sizes, that would cover the range of common needs. If fruit 
Juices, milk, beer, or even wine came in the same bottles, bottle 
recovery would be greatly simplified. All bottlers would draw 
on a common inventory of containers, changing labels or 
brands with the contents. If this^ihventory were controlled by 
an economy-wide computer system, transportation as well as 
manufacturing energy would be sharply reduced too. 

In an era of costly energy, the exteni to which a country 
recycles raw materials influences its industrial strength and 
competitive position in the world market. In Japan, a high- 
strung industrial economy that must import almost all the oil 
it uses, the proportion of waste materials recycled increased 
from 1 6 to 48 percent between 1 974 > 978 The Japanese 
automobile industry has benefited particularly from Japan's 
recycling effort. It recycles not only indigenous scrap but also 
imported scrap, much of it purchased from the United States. 
.."This year s Toyota," the quip goes, "is last year's Buick." The 
use of recycled metal is but one of the many components in 
the farsighted strategy that has enabled Japan to displace the 
United States as th^ world's leading automobile producer. In 
contrast, the ailing U.K. economy has made very little progress 
in increasing consumer waste recycling. Fo^steel, the figure is 
10 percent; for paper, an estimated 15 to 30 percent;, and for 
glass containers, 3 percent.*^^ Unlike more economically dy- 
namic Japan, it still dumps close to 90 percent of all consumer 
waste into local landfills. 

In East Germany, ^hich imports two-thirds of its raw 
materials, the prices paid foj metals, glass, and paper at the 
government-run recycling centers have been increased sharply 
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to encourage recycling. In early 1980, the price of recycled 
liewspapers was tripled, tKat of old books was doubled, and the 
price of a^glass jar was increased sixfold, from to '}o^7^ 
Following the price increases, long linesiformed at the coun- 
try's 1 1,000 collection points. Now, ordinary citizens will help 
meet the national goal of becoming increasingly self-sufficient 
in raw materials and relying largely on continuously recycled 
raw materials rather than on imported virgin materials. 

In environmentally conscious Norway, a deposit program 
encourages the recycling of automobiles. When a car is pur- 
chased, the buyers pay a $100 refundable deposit that they can 
collect^long with a $100 premium at authorized resource- 
recovery centers when the car wears out7^ Adopted in 1978, 
the success of the program is making other countries take 
notice. 

The challenge confronting governments everywhere is the 
same: how to maintain and improve living standards while 
using less energy and material resources. The details remain to 
be worked put, but it is clear that consumer well-being must 
be related more to the quality of the existing inventory of goods 
and less to the rate of turnover. In a sustainable society, durabil- 
ity and recycling replace planned obsolescerise as the econ- 
omy's organizing principle, and virgin materials are seen not as 
a primary source of material but as a supplement to the existing 
stock. 

« Conserving Energy 

One key to the evolution of a sustainable society is the conser- 
vation of energy, particularly that from petroleum. Fortu- 
nately, as energy has become more costly, interest in conserva- 
tion has intensified Indeed, the progressive lowering in recent 
years of projected U.S. energy demand for the end of the 
century bears out conservation's rise. from a minor household 
virtue to a major national economic opportunity. 
Prior to the Arab oil-export embargo in 1972, projections of 
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U.S energy consumption for the year 2000 ranged from a low 
of 1^4 quads (quadrillion BTUs) by' energy analyst Amory 
Loviils to 190 quads by the Federal Power Comniission<(See 
Table ^^1,) These figures compare with a 1*979 U.S. energy 
consumption of 78 quads. Since 1972, estimates have been 
consistently lowered across the spectrum, regardless of \vhether 
the analyst's bias is toward conservation or supply qxpansion. 
By 1980, Exxon was forecasting that U.S. consumption at 
century's end would be only 105 quads, and one office of the 
Department of Energy had projected, at the low end of a set 
of projections, a low-energy, high-efficiency energy budget that 
would require only 57 quads by the year 2000, a figure 26 
percent belpw 1979 consumption. 

The potential for conserving energy in the United States is 
enormous, partly because the amount of waste is also enormous 



Tabic 8-1. 


Downward Drift of Projected U.S. Encrg> Demand in 2000 


Year of 
Forecast 


Source of Projection \ , 


High Range Low Range 






(quadriHion BTUs) 


197- 


fi^cdcral Power Coniniission 


190 




Aniory lx)vins. Krienjis of 
the Enrtli 




»974 


% 

Edison Electric Instittite 


160 




Ford roiindiition (Zero Energy 
Growth Sccn.irio) 


lOO 


1976 


Edison Electric Institute 


140 


> 


Anior>* lx)vins 


75 


1980 


Exxon Coriwralion 






U.S. Qj^artnicnl of Energy 
(Low I'.nergy Growth Scenario) 


' 57 



Source Adapted froni Anior> Iu)vui$ and updated b\ Uorldujlcli Insliluj 




Preserving Our Resource Underpinnings :197 

and partly because the United States has the technology and 
• engineering wherewithal needed to increase the econom/s 
energy efficiency. As the eighties began, even some of the 
organizations traditionally cautious about potential gains in 
,^nergy efficiency liad raised their sights dramatically. In 1980 
the National Academy of Sciences, for example, sketched out 
several scenarios for U.S. energy use in 2010. In two of these 
consumption would range as low as 58 and 74 quads — projcc; 
'tions that only a few years ago would have been viewed as 
heresy.'77 

In the United States, even such produclion-oriented organi- 
zations as the National ^Petroleum Council, Exxon, and the 
Petroleum Industry Research Foundation were by 1980 an- 
nouncing that U.S. oil consumption had peaked in 1978 anu 
would never again regain that level. In early 1980, the Petro- 
leum Industry Research Foundation projected that U.S. oil 
consumption woujd drop 5 percent during the eighties and 

l^that gasoline de^fand would drop by 20 percent, in 1981, the 
National Petroleum Council was projecting iln* even greater 
decline in oi) consumption of 10 percent by 1990. Even these 
lowcjred projections may prove to be on the high side.'^s 
/Thesa projecrions for the U.S. econon)y indicate, among 
other^things, that the link between the Gross National Product 
ai|d energy u/e is not nearly as tight as once thought.' Until 
recently, GJ^P and energy use had always increased in tandem, 

"so people wrongly assumed that the two could noi be disas- 
sociated. But what recent experience and sonic of the projec- 
tions sho\y is'that it is quite possible that the Gross National 
Product can increase over the remainder of thi:> century even 
as energy use declines. 

• In the United States and other indwtrial countries, where 
"think/ng big" has been the norm, the potential for conserving 
energ>' is almost endless. In examining the merits of manipulat- 
ing production versus manipulating conservation to ac^ex ^ 
sati/tactory energy balaixe, Daniel Ycrgin, co-author of £«er^>' 
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Future, nolcs tha^ "it is certainly easi6r^jJhe government to 
organize itself to do'^ne big thing, i)ut, alas, that is ncrt wljat 
productive conservation i^about. It tilvolves 50,0Qp or 50 mil- 
lion things, big, medium, and little, and not in the one central- 
ized place where the energy is produced, but in the decaitraf- 
ized milieu wheie it is co?isunied."^^^ , ^ - 

While the .U.S. may haye the greatest potential for (^ergy* 
conservation, other industrial countries can also benefit from 
conservation programs.^ summary of energy policies in the 
OECD countries notes that by 1985-90 some countries might 
be able to save more than 10 percent of the energy how con- 
sumed per unit of industrial4)utput.®^.In the residential 'com- 
mercial sector 4oVcrcent of thi^ energy used m existing build- 
ings could be saved through conservation measures, and 
well-built nevv buildings might -well use less than half.t'hc en- 
ergy of present stock. By improving automobile fuel efficiency, 
fuel consumption in tFie transport sector could be cut by 10 to 
20 percent. I ^ ' 

In the Third World, extolled in early literattire on the world 
energy crisis as.frngal because it had si>cti low energy use per 
capita, the energy problem has different dimensions. But in 
character it iSmuch the.sanie — wasteful. A large share of the 
primar>^ energy used in the Third World is wasted, principally 
in the inefficient use of fuel wood for cooking. Indeed, accord- 
ing to some estimates, as much as 90 percent of the energy used 
for cooking in the Third Woild is was^d. Yet, doing nothing 
more than shifting food from an open tire to a closed, more 
efficiently designed cook stove made of local materials could 
cut firewood- use ^ an estimated 50 percjsnt.®^ 

In both the developing and the industrial worlds, actions to 
conserve energy are essentially of two kinds. The first approach 
is simply to carry out our present activities more efficiently For 
example, if we want to heat a building to maintain a given 
temperature hut with ijjss energy, wc insulate the building The 
second approach to copserviiig energy is to curtail some activi- 
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tics — driving less for example. Intermediate cases da make up 
most of the opportunities at hand. For example, commuting 
from home to work in a bus instead of a car saves energy aricl, 
in some cases, pernnts travel along exactly the same route. 

^0 affect either of these types of actions, governments have 
resorted to three public policy tools: information or exhorta- 
tion, regulation, and financial incentives or disincentives. The 
first involves encouraging constructive action by providing peo- 
ple with the facts they need to make sensible social and finan- 
cial decisions. President Carter took this approach in 1979 
when he urged Amcncans to turn their thermostats down in 
tne winter and turn them up during the summer. 

Some of the most impressive energy savings have occurred 
as a result of regulations The most publicly visible example in 
the United States is probably the regulatory effort to save 
nutomobile fuel. Both the fuel-efficiency standards that Ameri- 
can automobile manufacturers must now meet and the 
niile-per-hour speed limit are contributing to hefty savings in 
gasoline. The Japanese na\e also applied mandatory fuel- 
efiiciency standards to hold down gasoline consumption ^2 

The third approach to energy conservation is the use of 
financial incentives or disincentives. The high tax on gasoline, 
exceeding a dollar a gallon in some West Europ.ean countries, 
lias effectively discouragecithe purchase and manufacture of 
gas-guzzling automobiles. (See Table 8-2 ) By the same token, 
the efficiency of the existing automobile fleets in the United 
States and Canada, where the gasoline tax is trivial by compari- 
son, leaves much to be desired. 

As energy 5upplies have tightened, governments have begun 
to set conservation goals. In some sectors, such as transporta- 
tion, buildings, and hoU!fehold appliances, governments can set 
energy-efficiency standards, in the .United States, the Energy 
Policy and Conservation Act of 1975 set a timetable for in- 
creasing the average fuel cfFiciency of new automobiles sold, 
raising the fleet average from some 14 miles per gallon in 1974 
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Table 8-2. Price^ including 1 ax, of Regular Gasoline in Selected 
Countries, Early 1981 

- . CoujiiTy Price (Tax) 







(dollars) 




'Brazil 


2.52 ( .99) 




East Germany 


T- 2.65 (none) 


France 


2.65 {1.43) 




India 


272 (n.a.) 




Japan 


2.74 (1.92) 




Tanzania 


. 378 (n b.) 




United States 


»-3> ( -M) 




West Germany 


2.35 (1.05) 



Source Dcparhiiait of t'licrg), Ct&rai Intelligence Agency. Knibassics of llie Ger 
n)3n Democratic Rcpnblic, India, and 1 an/^nia 



to 27.5 by 1985. Interestingly, the fuel efficiency of American- 
made cars sold m the United States, abetted by sharply higher 
gasoline prices, is rising well abovC the standard. When com- 
.-bined with those realized by the mprp fuel-efficient imported 
cars, the improvement is even more^imp'ressive. Other coun- 
tries, including Australia, Canada, Sweden, and the United 
Kingdoi^i have outlined voluntary fuel economy goals for au- 
tomobiles, to encourage the production of increasingly efficient 
cars in the eighties.^^ 

With buildings, as with automobiles, thermal efficiency 
standards.are being set in the United States. As of early 1981, 
Congress was debating the U.S. l^gu^ment of , Energy plans 
to issue energy-efficiency^^ndards for buildings. But even 
miich-needed Building Energy Performance Standards will not 
help ihe existing stock. Since on the average it takes close to 
a century for the building stock to turn over, large short-term 
gains in the thermal efficiency of buildings can be achieved 
only through retrofitting. Incentives for retrofitting have been 
offered by national programs that^ include grants and loans. 
According to the OECD 1979 Review of Energy Policies and 
Programs, Canada, Germany, the Netherlands, and Sweden 
now apply such^^progfams at least to pre-1960 buildings and in 
some cases to the efitire building stock.^** 
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Physicists Robert H. Williams of Princeton and Marc H. 
Ross of the University of Michigan believe that the amount of 
fuel used for spiice heating in the United States could be cut 
^ in half if relatively simple improvements were made in build- 

ings, innovative financing procedures were adopted, and realis- 
tic economic criteria set forth. They propose an all-out cam- 
paign to increase the thermal efficiency of housing by installing 
storm 'windows, wall insulation, floor insulation, extra attic 
insulation, and other weatherization measures. Using life-cycle 
costing techniques, they calculate that many such investments 
f ^ ^ are now financially attractive. 

Williams and Ross also recommend that the nation's hous- 
ing stock be systematically audited, and they lament that so few 
trained energy auditors or "house doctors" are available to take 
on the job. In general, these physicists contend, building own- 
ers do not have the financiaLinformation they need to make 
wise investments in conservawn or to design an optimal hous- 
ing retrofit. Since simple ''hole plugging" and relatively 
straightforward architectural modifications are all that is 
needed to elimii^ate most substantial heat losses, taking the 
approach W^illiams and Ross recommend is essentially sub- 
stituting intelligence for oil. ^ , 

Energy-efficiency standards for' appliances' ought to be an- 
other high priority, given that refrigerators, stoves, water heat- 
ers, clothes dryers, furnaces, kir conditioners, and the like ac- 
,count for 75 percent of all residential energy use. In the United 
States, preliminary standards were issued in mid- 1980. At that 
time the Assistant Secretary of Energy Thomas Stelson es- 
timated that applying these standards would save cumulatively 
the equivalent of 4 28 billion barrels of oil by 2005 if they took 
hold in preliminary form immediately and were fully phased in 
by early 1986.^^' 

Critical as efficiency standards are, they represent only one 
small part of the conservation potential. Indeed, one reason 
^ projected U.S. energy demand has been dropping so dramati- 

cally is that the various efforts to conserve energy reinforcQ < 

\ 
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each other, acting a§.cbnservation "multipliers/* For example, 
in a matter of j^ars fuel-efficiency standards for automobiles 
could double the number of miles per gallon, even as carpool- 
ing expanded substantially and raised the average number of 
occupants in an automobile from i .6 to 2,0. If at the same time 
people become more energy conscious as they establish resi- 
dences and accept jobs, so that the distance from home to work 
declines, fuel use would decline faster still Indeed, if increased 
mileage efficiency resulted in savings of 50 percent, increased 
automobile occupancy in savings of 20 percent, and a greater 
proximity to work in savings of 5 percent — all reasonable 
figures — automobile^ fuel consumption would drop by a phe- 
nomenal 62 percent. And all this without any voluntary curtail- 
ment of driving or slrifts to more fuel-efficient public transport! 

Residential heating and cooling i.s just as ripe for the effi- 
ciency multiplier effect as transportation is. For example, in- 
sulating a house to increase its thbrmal efficiency can reduce 
the heating and cooling requirements by 40 percent. Installing 
a day/night thermostat can reduce fuel requirements by ic 
percent, and turning off the heat and air conditioning in an 
unused guest room, another 10 percent. Together, these reduc- 
tions — none of which is at all outlandish — would reduce resi- 
dential heating and cooling requirements by over half. 

The potential contribution modern technology and engi- 
neering know-how can make to energy conservation has 
scarcely been tapped. We know, for example, that there are 
already standard-sized T.V. sets that use less electricity than a 
' 60-watt light bulb does, and that some modern office buildings 
are so thermally efficient that interior lighting and the body 
heat of their occupants provide all the space heating needed. 
Prototypical automobiles travel 80 miles per gallon on fuel®'^ 
Only a few of the possibilities for energy conservation that 
modern technology has already made possible, these energy- 
savers represent the first offspring of the promising applied 
science of conservation and embody the hope that advanced, 
technology can be substituted for energy. 
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Tunning to the Sun 



Irior to the.age of fossil fuels^ solar energy was humanity's sole 
source of heat, light, and mechanical energy. Wood was the 
principal fuel. Wind and water power were used to pump 
water, grind grain, and saw wood. Now thatreserves of oil and 
gas are dvyindling, constraints on the use of coal are growing, 
and nuclear power's future is in doubt, solar or "renewable" 
energy is making a comeback in both new and familiar forms. 
^ New technologies and adaptation^ of traditional ones permit 
solar energy to be harnessed in innumerable ways. It can be 
captured directly through such devices as windmills, hydroelec- 
tric generators, rooftop collectors, photovoltaic cells, and build- 
ings I'ncorporating.solar architecture^ or indirectly through for- 
ests, fuelwood plantations, and energy crops. In addition. 
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geothcrmal energy, available on such a vast scafe that it can be 
considered rene\5iable, holds great promise. In whatever form, 
these new energy sources and technologies must be developed 
quickly if national economies are to prosper in the post- 
petroleum age. 

While each country's energy-development strategy must be 
tailored to its indigenous endowment of solar energy resources 
and..while no two countries have precisely the same endow- 
ment, no nation is without solar potential. Some countries may 
end up relying heavily on a single, locally abundant form of 
solar energy; others may have highly diversified "solar econo- 
mies.'' For example, Norway, Nepal, and Paraguay, all richly 
endowed with hydroelectric potential relative to population, 
could rely heavily on electricity. Heavily forested countries, in 
contrast, could fashion an energy strategy centered around 
wood. For a few countries, the United States among them, the 
wise course is to develop the entire panoply of renewable en- 
ergy sources — wood, wind, hydro, solar collectors, livestock 
waste, energy crops, geothermal power, and photpvoltaics. 

- Wood as a Fuel 

Before the 1973 oil price rise, wood's share of the global energy 
budget was shrinking. In almos.t all countries, its importance 
was declining relative to that of other fuels, and in many 
countries its use was declining in absolute terms as well In the 
industrial countries, wood was almost entirely abandoned as a 
fuel during the era of cheap oil. Within the Third World, a 
combination of cheap postwar oily rapid urbanization, and 
deforestation diminished wood's relative importance as a fuel 
Nonetheless, in many -countries, it wholly dominates the en- 
ergy budget. 

With the surge in oil prices since 1973, wood began making 
a strong comeback. Used not only for cooking and heating, 
wood IS also a suitable fuel for industrial process heat -and for 
generating electricity. VVithin the developing countries, 
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wood's many uses translate into extra pressure on local forest 
resources, in some, they also translate into a strong interest in 
wood-fuel plantations. 

Within tire ihdfistrial countries, particularly those with 
abundant forest ^rcyources, the use of wood fuel has increased 
dramatically since/1973. Nowhere is this more evident than in 
the United Statcfi where wood has eclipsed nuclear power in 
the national enc/gy budget,^ By 1981, close to a tenth of all 
U.S. residcnces^were burning wood as either a primary or 
secondary soiirc^ of heat. An estimated eight million wood 
stoves and furr^ces were being used for residential heating in 
the United Stj^tcs. (See Table 9-1.) The shift to wood use was 
most dramatio' in New England, though it was plainly evident 
in Appalachia, the Great Lakes States, the Northwest, and 
other hcavily^woodefl areas. In Vermont, New Hampshire, and 
Maine, 20 percent of all homes were burning wood as the 
primary soi|?ce of heat by 1985.2 In two-thirds of the remain- 
ing homes,^^wood provided a secondary source of heat. So swift, 
in fact, Wi0 the conversion that the revived stove- and furnace- 
manufacturing industry was swamped by demand.^ 

Hardlift by soaring oil costs, U.S. industries also began look- 
ing at wood as a possible alternative fuel. As of late 1979, some 
150 businesses in New England— from paper producers to* 



'lable 9-1, U.S. Sales 


of Residential Wood Stoves & iMirnaces, 




1972-80 




Ycdr 


Annual 


CumulatiYv 


Sales 


Sales 


1972 


160.000 


1 60,000 


>973 


210,000 


370,000 


»974 


340.000 


710,000 ^. 


1975 


760,000 


1 .470,000 


1976 


670,000 


2,140,000 


1977 


1 ,030.000 ' 


3,170,000 


1978 


1 ,200,000 


4,370,000 


1979 


r, 5 00,000 


5,870,000 


1980 (prcl.) 


1,100.000 


6,970.000 



Source Boo/., Allen Ilainiiton for US ncpaftmunt of Kiiagy 
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horticulturists— had switched from oil to wood."* Nationwide, 
tlie pulp and paper industry met over half of its energy nteds 
with^clbd waste in 1980, up from 40 percent in 1972, the last 
year Before the oil price hike.^ 

To the north, the Canadian government laijnched a $150 
million five-year program in 1978 to encourage industry to 
burn wood wastes instead of.pil or gas.^ In Finland, where the 
forest-products industry dominates both the economy and ex- 
ports, the government is also pressing, for the greater use of 
wood, particularly waste wood, so as to reduce the need for 
imported oil7 In the Brazilian Amazon, U.S. billionaire Daniel 
Ludwig's vast Jari project wns burning waste wood for heat to 
run its wood fiber plant and to provide electricity both for the 
giant industrial complex itself and for Jari's 20,000-member 
community of workers and families.^ 

In some tropical countries, fast-growing trees are providing 
industry with energy. In the Philippines, for example, wood- 
generated electricity figures prominently in long-term energy 
plans.. Each year from 1981 to 1984, the National Electrifica- 
tion Administration plans to invest in 200 megawatts of new 
wood-fired capacity."^ The electrical plants will rely on the yield 
of some 66,000 hectares of land planted with ipil-ipil. The 
Brazilian steel industry, eleventh largest in the world, smelts 40 
percent of its steel witlj charcoal.^? A Japanese steel producer 
in the Philippines.is investing iri plantings of ipil-ipil as a source 
of charcoal for fueU^ 'Gther countries such as Uganda use 
' wood to fire cement kilns. 

South Korea s highly successful tree planting program of the 
seventies-had as its prime objective fuelwood production. Ac- 
cording to ^ong Won Ahn, a Seoul official who helped plan 
the village forestry program, "The fuel wood component of 
our forestry program is essentially finished. ... By the early 
eighties, wKen increasing amounts of wood will be harvested 
from the new plantations, our rural fuel problems will be largely 
solved/*^^ ^ . '4 . 

Within the United States and other industrial countries, the 
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* risk associated withrthe wood revival is that soaring firewood 
- demand,couId lead to clearcutting and to progressive deforesta- 
tion ofx'the sort 'that has plagued much .of the Third World. 
The challenge is to manage forests on ^ sustainable-yield basis, ^ 
^\ ^hus ensuring a lasting supply of wood for fuel purposes, creat- 
ing local employment, and increasing the forested land's com- 
mercial value 

Scores of governments are coming to see forests as among 
the most efficient means of converting sunlight into usable 
energy arid bf supple|iiehting wind and other forms" of solar 
" .energy that are notlvailable at all times of the day br year. But j 
how rapidly wood's long-term' potential as fuel is realized will ^ ^ 
depend in part on How ably forests are managed. Obvious as ' 
this may seem, the implied social challengers immense given 
the mounting pressures on local wood*sUpplies. Certainly, one 
determinant of wood's long-term potential as a fuel will be the 
growth in energy plantations. VVhile more trees are being 
. planted than ever before, worldwide tree-planting efforts are 
* far from being strong enough to satisfy the longer-term growth 
in demand 

In the yc^rs immediately ahead, the most rapid growth in 
^^the use of wood as a fuel is likely to occur in the Unjted States 
and in other countries where forest growth dwarfs tne current 
^ harvest. Indeed, by U.S. Office of Technology Assessfttent 
estimates, U.S. fuelwood use could multiply sevenfold without 
depriving ^the wood products industry of its raw materia?sj[jf 
Over the longer term, as deforested areas aTc replanted and as 
plantings maturd and begin to yield, fuelwood growth likely 
will be concentrated in the Thjrd World where energy needs 
^are greatest. ^ - * 

, -£nergy from Wuste ^'-^ 

With fuel costs escalatlrig and combustible wastes accumulat- 
ing, interest in converting waste products into usable energy, is 
gathering force. While organic waste can be converted into 
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useful energy by various processes, most promising arc direct 
combustion and the convdfsion of such waste into alcohol, 
methane, or other storable fuels. 

One of the world's most developed wastc-to-encrgy pro- 
grams is that for converting urban garbage to electricit)'. Some 
20 years ago, European cities faced with waste-disposal prob- 
lems began exploring the possibilify of burning garbage to 
produce electricity. German experience in burning damp fuel, 
such as lignite or brown coal, made it relatively easy to adapt 
the lignite-burning technology to urban waste. As a result, 
three-fourths of the 262 plants that as of 1978 were converting 
urban garbage into energy are located in Europe Most of the 
remainder are in Japan, while only six arc »n service in the 
United States. 

Munich, a model city from this perspective, derives some 12 
percent of its electricity from garbage and other localwastes.^^ 
Some of the world's largest refuse-burning plants lie on the 
outskirts of Paris, where each year they burn 1.7 million tons 
of the city's garbage in the production of steam. That steam, 
which both generates electricity and heats buildings, substi- 
tutes for an estimated 480,000 barrels of imported oil each 
year. Not far away, near Rotterdam, the world's largest single 
waste-burning facility burns over a million tons of waste annu- 
ally to fuel a 55-megawatt electrical generating plant. 

As fuel costs escalate and as waste-disposal problems become 
harder to manage, more cities will likely follow the European 
model, turning garbage into useful energy, Already, the Euro- 
pean firms that have pioneered and perfected the technologies 
for converting urban waste into electricity are aggressively mar- 
keting their plants abroad. For many urban political leaders 
and planners, the attraction of simultaneously reducing electri- 
cal generating costs and alleviating the garbage-disposal prob- 
lem may prove irresistible. 

Within industry, the extent to which combustible waste 
products are converted into usable energy varies widely. The 
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foVcst-products industry has long made extensive use of wood 
wastes for fuel, in some cases to produce process steam, in 
others to generate electricity. As oil prices have climbed, the 
industry has more and morcturncd to wood wastes. So too, the 
sugar industry has channelled some of its by-produc.ts into 
energy production. Bagasse, the fibrous residue that remains 
once sugar is extracted from sugarcane, is commonly used to 
fuel sugar refineries. In some countries^ food processors are 
beginning to convert such waste by-products as cheese whey, 
citrus wastes, and vegetable-processing wastes into fuel-grade 
alcohol;. By U.S. Department of Energy estimates, it is now 
economically feasible to convert four-fifths of all such U.S. 
wastes into alcohol for a net gain of 500 million gallons of 
ethanol per y^ar, or one-half of 1 percent of 1980 gasoline 
consumption. * 

On the farm, livestock manure and other agricultural wastes 
represent a potentially huge and self-replenishing source of 
energy Cow dung serves as fuel for cooking in deforested parts 
of the Third World, even as buffalo chips were once used on 
""tlic American Great Plains for both cooking and heat. More 
novel technologies for converting livestock manure into meth- 
ane on a large scale have also be"'en developed within recent 
decades. 

One such process involves fermenting livestock manure in 
an air-tight digester to produce methane, also known as natural 
gas. Converting livestock^manure into this blend, rather than 
burning it directly, yields more energy and'^also produces a 
nutrient-rich sludge that can be used as a fertilizer. Before this 
process was developed, livestock manure could be used for 
fertilizer or for fuel, but not for both. 

This double use of livestock manure on a large scale was 
pioneered in China. As early as 1974, Sichuan Province had 
30,000 methane digesters in operation. By the late seventies, 
the technology had spread throughout China's other southern 
provinces, and by 1978 some seven million methane digesters 
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wprcin use nationwide. (See Table 9-2,) Plans, obviously ambi- 
tious, called.for the completion of 20 million digesters by 1980, 
70 million 'by .1985. 

Whether or not it rcaehes the 1985 goal, China has already 
created a major source of renewable energy in the countryside. 
According to Dr. Wu Wen, Director of the Institute of En- 
■ ergy Conversion, a typical digester produces some 34 cubic feet 
of methane per day for seven or eight months of the year^*^ 
At this rate, China's potential biogas prt^etion is equivalent 
to 22 million tons of hard coal. Energy analyst Vaclav Smil 
observes that "well managed biogas production offers a clean, 
efficient, and— what is c^ertainly most important— a nonex- 
haustible source of energy which can be tapped inexpensively 
to benefit indefinitely a large segment of China's popula- 
tion/'20 , ^ 

As the Chinese have acquired experience with digesters, 
they have dSfebvered ways of using locil organic material other 
than animal wastes. This is reflected in the various recipes for 
combining materials that go into the digester. One widely used 
combination for digester loading consists of 10 percent human 
waste, 30 percent animal waste, 10 percent straw and grass, and 
50 percent water.-^ 

In the small-scale production of methane from animal waste, 
China is in a league all its own. Although India's vast cattle 



Table 9-2. Methane Digesters in China, 1970-78 
y'ear Number 



1970 


100 


1972 


600 


191 A 


120,000 


J 975 


410,000 


J 977 


4,300,000 


»?78 - 


7,000,000 



Note: Data, brgcly for Sichuan Province, through 1977 
J Source: Derived from Soft iinergy Xotes, Deccmhcr iqrj9 
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herd is far Jargcr than China's, efforts to rcahze the biogas 
potential have run up against formidable social and economic 
barriers, holding the Indian program to a much smaller scale. 
By 1979' Indian Government had financed the construc- 
tion of 70,000 digcsters.22 Jn Europe, generators are still a 
novelty. In the United States, which has one of the world's 
largest cattle herds, if all cattle manure were fed into digesters 
it would yield four trillion cubic feet of methane per year, the 
equivalent of 18 percent of U.S. natural' gas consumption.^^ 
This huge potential notwithstanding, U.S. attention to the 
technology is recent. One of the pioneers in this field is Ok- 
lahoma-based Thermonetics, Inc. In the Thermonetics pro- 
cess, protein, as well as natural gas and fertilizer, are extracted 
froin livestock waste. Tlie fiber from the feedlot waste is sepa- 
rated out before the material enters the methane digester. This 
material, which contains 12 percent protein and resembles 
ensilage, is sold as cattle feed. After the mbthanc is produced, 
the remaining efflycnt is dried and made into a high-protein 
cake marketed as a livestock feed supplement. The remaining 
spent slurry can be piped to local farmers and'^spread on the 
fields through their irrigation systems, thus returning the re- 
gaining nutrients to the soil. 

According to researchers at the U.S.>lcat Animal Research 
Center in Nebraska, the annual cost of recovering methane 
and protein from feedlot waste is $16 to $100 per head of' 
livestock, depending upon the size of the feedlot.^^ ,^^3 
prices, the methane produced per animal was worth $7.10 and 
the protein supplement, $82.90. While this complicated pro- 
^ cess for extracting gas and protein cannot Be justified economi- 
' cally unless the feedlot has at least a thousand head of livestock, 
above that threshold profitability rises with feedlot size. While 
such operations obviously require a sophisticated technology 
that a small-scale producer might find unwicldly, they do both 
recycle protein and generate methane. Thus in the United 
States, investment in this process will become increasingly 
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attractive as protein prices rise and as natural gas prices arc 
decontrolled. As familiarity with the methane technology 
spreads, producers of livestock and poultry in all countries will 
give the teclmology a close look. If the use of the sjiiall-scale 
Chinese version now makes economic sense, it seems likely 
that larger-scale models^ll prove profitable elsewhere. 

As oil supplies dwindle, it seems clear that wastes, be they 
urban, industrial, or agricultural, are going to become impor- 
tant sources of ehergy. In particular, clean-burning and versa- 
tile methane can be produced from locally available materials, 
can conserve firewood, reduce the need^fpr imported coal and 
kerosene, upgrade various vegetable, human, and. animal wastes 
into a~high-qiiality fertilizer, and, in the process, displace more 
environmentally harmful fuels. Deriving energy from waste is " 
not only a socially attractive proposition, but an economically 
attractive one as well. 

Planting Energy Crops 

Born of the liquid fuel shortage, the concept of planting crops 
specifically to get energy is relatively new. The concept is 
* simple, but nDt without risks. In a world where , production 
pressures on land are already excessive, planting of energy crops 
on a large scale will exacerbate the situation. To the extent that 
energy cfops divert land and other agricultural resources from 
food production, they will surely drive food prices upward The 
challenge is to use marginal land or crop by-products that do 
-iiot compete-directly with food. 

Liquid fuels can be derived from vegetable matter either by 
.converting plant starches and sugars into alcohol or by extract- 
ing oils from plants naturally high in hydrocarbons Ethanol 
(ethyl alcohol) has been produ^d from fruit and grains as an 
intoxicant for centuries. It can be produced directly from sugar 
by fermentation or indirectly from starches and cellulose that 
arc first converted to sugar and then fermented The basic 
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feedstocks for tthanol production are sugar crops (such as 
sugarcane, sugar beets, and sweet sorghum), root crops (mainly 
cassava), and cereals. 

Of all energy crops, sugarcane produces- the highest liquid 
iuel yield per Hectare. Even at the relatively low yields of cane 
prevailing in Brazil, sugarcane produces 3,630 liters of alcohol 
per hectare, compared \yith only 2,200 liters per hectare from 
corn in the United States.^^ Second in yield is sweet sorghum, 
a commercially neglected crop whose stalks can be crushed to 
extract the syrup from which alcoliol is distilled. Although 
sweet sorghum is not widely gro^yn in the Unifed States, its 
potential as an energy crop appears unsurpassed since it can be 
grown as far as north as Minnesota. Indeed, a modest plant- 
breeding effort aimed at irjcreasing yicldsjer this "sugarcane of 
the temperate zone" could pay handsome dividends. 

Ethanoi's potential as a fuel was recognized in Brazil from 
the early days of the automobile. But for the decades that 
cheap petroleum was available, the production of alcohol fuels 
was miniscule, limited to that derived from molasses, a by- 
product of sugar manufacture. .But by 1975, when Brazil's 
alcohol fuel program wasNlaunched, all that had changed and, 
the country's energy goaf was to become self-sufficient in auto- 
motive fuel — a goal whose importance was reinforced by the 

, Iranian revolution. From igy^to 1979, alcohol production in 
Brazil increased foiurcenfold. (See Table 9-3.) By 1979, alcohol 
accounted for an estimated 17 percent of^national automotive 
^ fuel consuinptiort.27 Most of this alcohol is blended with gaso- 
line but in early 1980 new cars with engines designed to run 
exclusively on alcohol began rolling off the assembly line. . 
^ Brazilian government officials are projecting an output of 

, just over nine billion liters of alcohol for fuel by 1985.28 
Alcohol industry sources, far more bullish, claim production 
may reacb 20 billion liters by 1985, enough to fuel 60 to 70 
percent of the projected Brazilian fleet of 1 2 million automo- 
biles.29 



ERIC 



220 



214: Building a Sustainable Society 

Table 9-3. Production of Ethanol for Fuel Use in Brazil, 1975-80, 
with Projections to 1985 

Year EtfKttiol 



(billion liters) 



»975 

»977: 
1978 



.6 V' 
i.6 . 



1979 29 

1980 3-5 

1981 ' 41 

1982 ' 4-7 

1983 ' 5 7 

1984 7 3 

1985 • 9-2 



Source. Carvalho et ai, "Future of AIcoliol Fuels in Brazil/* 1980. 

A vast area of cropland must be planted to sugarcane to fuel 
the projected auto fleet.^^ While- planting only 2 percent of 
Brazil's total land area to sugarcane would permit automotive 
fuel self-sufficiency, this would increase by half the 4 percent 
now planted to crops. Indeed, this projected sugarcane area 
(roughly 15 million hectares) would exceed the sugarcane area 
' ' in the 65 other countries that now grow the crop. 

*^ In the Unitecl States, enthusiasm for alcohcjl fuel has in- 
creased in direct proportion to the rise in gasoline prices. Be- 
tween March and'Sctober of i979» 3 period of unprecedpHievl "^-^ 
gasoline price* hikes, Ihe number of service stations selling ^ 
gasohol jumped from 500 to over 2,000.^^ The first major boost 
for the U.S. alcohol fuels program came with the Energy Act 
of 1978, which removed the federal gasoline ta? of 4 cents on 
every gallon of gasohol containing 10 pefcent alcohol isbtained 
from non-petroleum sources. In January 1980, the U.S. alcohol 
fuels, program received a second big boost when the White 
House' ainnounced major new production goals of two billion 
, gallons of ethanol per year by 1985— roughly 2 percent of U.S. 
1980 consumption of 100 billion gallons of automotive fuel.^^ 

\ 
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Meeting this goal would require distilling some 20 million tons 
of grain, or roughly one-fifth of the U.S. exportable sUrplus. 

In the Philippines, a government-sponsored crash program 
to reduce oil imjx)rts by producing alcohol fuel from sugarcane 
has been launched. As oil prices soared in 1979, the govern- 
ment stepped up the "alco-gas" (gasohol) production program, 
doubling the 1989 goal tt) an estimated 244 million gallons.'^ 
For now, the alcohol will be derived largely from cane, though 
cassave"(a tropical dietary staple) and sweet potatoes are also 
being eyed as feedstocks. 

In Africa, alcohol fuels production is just taking hold. Alco- 
hol distilleries are converting molasses, a by-product of local 
sugar mills, into alcohol in Zimbabwe and in Kenya. The 
Kenyan plant will annually convert 180,000 tons of molasses , 
y into ethanol, which will be blended with gasoline in Nairobi.^^ 
' South Africa, the world's leading producer of liquid fuel from 
coal, also plans to produce alcohol from cassava and sugarcane. 
It intends to convert the semi-arid and sparsely vegetated 
Makatini Flats in Northern Zululand into cassava plantations, 
erecting 13 ethanol distilleries that would produce 137 million 
gallons of liquid fuel annually and create jobS for 2,600 perole 
in cassava production and alcohol distillation. To the ext*;nt 
that cassava can be grown in areas where jiothin^of agricul- 
tural value is being produced and i^ith resources that would not 
otherwise be used to produce food, these new "oil fields" will 
not edge out food crops. : 

One way to minimize food-fuel competition is to identify 
undomesticated plants with a high hydrocarbon content that 
might serve as future fuel sources but that would be adopted 
to soil otherwise unfit for agriculture. Melvin Calviii of the 
University of California, a leader in this effort, believes that, 
cultivating Euphorbia lathyris — a hydrocarbon-rich destrt 
shrub found in Mexico and the American Southwest and well 
adapted to semiarid growing conditions— could year after year 
"yield the equivalent of 6.5 barrels of oil per acre.^^^ Another 
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potentially important energy plant, the ^'copaiba** tree of the 
Amazon, can be tapped like a rubber tree, yielding a liquid that 
can be u>ed unprocessed an place of diescl fuel Less esoteric 
energy ciops include sunflowers, soybean^, and African oil 
,»palm. 

In the United States, growing, uncertainty aboijyt diesel sup- 
plies for farm use has prompted North Dakota State University 
to initiate research on both the technology and economics of 
producing and using sunflower seed oil in diesel engines. 
Should diesel fuel prices continue to climb and thus surpass 
those of sunflower seed oil, corn farmers could gfo\y enough 
sunflowers on just lo percent of their land to provide all the 
fuel for their tractors.^"^ Sunflower seed oil is easily extracted 
on the farm with a relatively simple mechanical crushing pro- 
cess, and the net energy yield is much greater than that of the 
alcohol fermentation processes.^^ 

As with alcohol fuels, Brazil has taken the lead in the produc- 
tion of vegetable oil fuels. In late 1980 its National Energy 
Council approved a program to substitute vegetable oil^for 6 
percent of diesel oil consumption in 1981, increasing it to 16 
percent in 1985.^^ Initially, the oils to be substituted are soy- 
bean, peanut, sunflower seed, and rapeseed, but over the longer 
term African palm oil is expected to figure prominently as a 
diesel substitute. Tentative plans call for government incen- 
tives to plant up to 50,000 hectares of African palms in the 
Amazon region in 1981. 

Ap^rt frgm such land-based energy crops as sunflowers or 
sugarcane are water-based energy-rich plants such as water 
hyacinths, kelp, and algae. Off the coast of Southern California 
at the Naval Undersea Center of San Diego, giant kelp is being 
cultivated as a possible source of methane. This project too 
could eventually point the way to a new source of energy, 
particularly if it involves developing an efficient system for 
mechanically harvesting water hyacinths and giant kelp. 

The potential for making methane from water hyacinths, 
which clog irrigation canals and reservoirs, is being actively 
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studied by the U.S. National Aeronautics and Space Adminis- 
tration. One proposal calls for funneling the sewage from urban 
communities into large lagoons where water hyacinths would 
utilize the nutrients in the sewage as fertilizer, thus converting 
an otherwise wasted resource into usable energy. Such a system 
has an impressive energy-yield potential; one acre of^ewage- 
erinched warm water can produce several tons of water hya- 
cinths each day, enough to yield between 3,500 and 7,000 
cubic feet of methane."*^ ♦ ' 

At present, projects involving crops suitable for use in alco- 
hol production greatly outnumber those based on plants that 
yield hydrocarbon extracts that can be used directly as fuel. 
Eventually^ though, both are likely tojfijjd a pjace in an eco- 
nomic system based on renewable fuels. Given the obvious 
physical liniits'on land for energy crops, sudi crops are not 
likely to solve the world's liquid fuel problem, but they can be 
an important part of the solution. 

Falling Water 

For;at least 2,000 years, people have been harnessing water to 
do work. In 85 B.C., the Greek poet Antipater celebrated the 
development of a water-powered grist mill, notirig that it had 
liberated Greek maidens from the arduous task of grinding 
grain.'*^ Once the basic mechanics of harnessing water power 
were worked out, the devices spread rapidly, reaching Japan by 
610 A.D. ' . 

, Yet, while water wheels were used throughout the Roman 
Empire and during the Middle Ages to power mills for.grind- 
ing flour, sawing wood, and producing textiles, not until the 
late 19th century was water power used to generate electricity. 
The first central hydro-generatmg facility began producing 
electricity in Appleton, Wisconsin in iSSi,^^ It powered 350 
light bulbs and set the stage for the rapid spread of hydroelec- 
tric generation throughout the world. 
Most of the world's current generating capacity was devel- 
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Oped after World War H.'*^ Between 1950 and 1978, installed 
hj^droclcctric generating capacity increased ninefojd, reaching 
409,000 megawatts. The world's leading generator of electric- 
ity from falling water is the United States^ generating 71,000 
megawatts, followed by the Soviet Union with 47>ooo ^nd 
'Canada with 4Q,ooo. Third World development efforts during 
the fifties and sixties included ambitious hydroelectric projects, 
such as the Kariba Dani in Zimbabwe (1300 megawatts), the 
Aswan High Dam in Egypt (2,100 megawatts), the Furnas 
Project in Brazil (4,000 megawatts), and the Guri Project in 
Venezuela (2,900 megawatts).'^'* 

- This impressive growth notwithstanding, the world's hydro- ^ 
power potential is far from developed. Fully developed, it could 
triple, or perhaps even quadruple existing generating capacity. 
While a few countries such as Japan and Switzerland have little 
undeveloped hydroelectric potential remaining, most countries 
are far from this point. Bra/.il,ior example, (currently ranked 
fifth in the world in hydroelectric generation) has developed 
only 14 percenf of its hydro potential because most of the 
untapped capacity is located in remote reaches ofjthe Amazon 
Basin.45 

Two Other countries with vast untapped hydroelectric po- 
tential are Nepal and China. Although it has never been 
thoroughly surveyed, the small mountainous kingdom of 
Nepal, where several of Asia's major rivers originate, is believed 
to have a hydroelectric potential equal to that of the United 
States and Canada combincd."^^ If Nepal, whose 12 million 
people have an average per capita income of $120 per year, can 
obtain the engineering capacity and financial resources, it 
could convert these rivers into a major source of income, mar- 
keting the electricity in Pakistan, India, and Biangladesh. In 
China, source of two of Asia's largest rivers — the Yellow and 
the Yangtze — small-scale hydroelectric projects undertaken lo-'^ 
cally have sprung up in recent decades, but little progress has 
been made in harnessing the nation's large-scale hydroelectric 
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potential. As tbe eighties began, China was actively exploring 
with Japan and the United States the potential for developing 
four dams on the Yellow and Yangtze that would have a com- 
bincd generating capacity of 32,ocx) megawatts. Although an 
cst.jmated investment of $30 billion would be required to pull 
off this venture, the dams would triple China's existing gener- 
ating capacity of i4,ocx) megawatts.^^ 

Even front-ranking hydropower producers — the United 
States and Canada — still have room for significant develop- 
ment. During the sixties, some farsighted Quebecois began to 
see the potential for tapping Quebec's hydropower, both^or 
domestic use and for export to the United States. Under the 
leadership of provincial Premier Robert Bourassa, La Socictc 
d'Encrgie de la Baie James (The James Bay Energy Society) 
was formed as a subsidiary of Quebec Hydro to develop a 
i3>200 megawatt hydroelectric project by 1990.^^ Raising the 
$15 billion to finance the four-river project centered on the La 
"Grande River was a formidable undertaking, but the com- 
pleted project now provides cheap electricity both for Quebec 
and for export. In fact, Quebec Hydro made available some 
1,360 megawatts of power to the New York State Power Au- 
thority from April through September of 1979 — ^an electrical 
grid linkage that serves both countries well since the peak 
demand in Quebec comes in^the winter, while air-conditioned 
New York City is "summer peaking. "-^^ Quebec could, Bou- 
rassa believes, sell electricity much as the Arabs sell oil but, he 
observes, this income flow could last forever whereas that from 
the oil under the Middle East sands will not.'o 

Within the United States, according to the Army Corps of 
Engineers, the current 71,000 megawatts of generating capac- , 
ity (including pumped storage) could be raised dramatically if 
dams that do not now have power-generating facilities were 
equipped with them and if the hydropower output of other 
dams was increased to full capacity. 5 1 A survey of existing dams 
and undeveloped sites identified some 1 1,000 sites with a po- 
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tcntial generating capacity of 15 megawatts or morc.^^ Un- 
developed, site/ could be exploited to develop some 300,000 
megawatts of power, over half of it in Alaska. 

The vast untapped potential existing in such remote places 
as Alaska, which is well beyond feasible transmission distance 
from U.S. population centers, indicates the need to locate 
energy-intensive industries near power-generating sites. Selec- 
tive development of hydro sites in Alaska, so as to minimize 
environmental disruption, would make it possible to shift cner- 
V-intensive industries there, thus freeii^ up for residential 
uses the hydro-electricity these operations currently use iri the 
contiguous 48 states. 

in the ''bigger is better" world of the postwar era, small-scale 
hydropower sites have been sorely neglected. A notable excep- 
tion is China, where a program was launched in the mid-sixties , 
to develop numerous mini-hydro projects at the community 
level By 1978, some 87,000 small-scale hydropowered electric 
generators were in use. (See Table 9-4 ) Of total, most are 
located in the rainy provinces south of the Yangtze River and 
powered by water impounded behind small earthen and rock 
dams that have been constructed by seasonally unemployed 
rural labor. According to energy analyst Vaclav Smil, these 
small stations now account for a third of China's total hydro- 
. generation, providing power to run irrigation pumps, grist 
. mills, sawriiills, and local light industries in the Chinese coun- 
tryside.5^ 

Table ^4. Small Scnle Hydropowered KIcctric Generators in China, 

1949-78 

Yi'iir Xumbcr 

50 
6,000 
35,000 
50,000 
60,000 
87.000 

Source Soft f'ncri;\ \otcs. iXcciiilH-r 1979 
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^ Rapidly rising costs of nuclear, oil, and coal-fircd electricity 

generation in the United States has led to a fresh look at the 
potential for siriall-scale hydroelectric projects by government 
at.all levels, private investors and utilities. A survey undertaken 
jv in ^977^dentified over 50,000 dams built for water storage, 
■ . . flood control, or recreational purposes that were not being used 
r; to generate electricity. These sites are attractive because the 
water-impounding structures already exist and requnc only the 
installation of electrica^generators to tap the energy in the 
overflow. Small and widely dispersed, such facilities do not 
require long distance transmission lines. 

In the United' States, companies are forming to develop 
small-scale hydroelectric sites. One such firm, started by Law- 
; rence Gleeson in 1976, had plans by mid-i978 to develop some 
20 dams in the northeastern United States.^^ According to 
. Business Week, Gleeson's firm "contracts with the dam 
; owner, develops the site, sells power to the local utility, and 
returns a share of revenues to the owner." Its approach is being 
emulated by a wide array of U.S. specialty companies, local 
' governments, farmers, and corporate landowners now develop- 
ing small-scale hydroelectric potential wherever topograph- 
* ically and commercially feasible. 

In Europe, France is among the first countries to inventory 
' the potential for small-scale hydrogeneration. Some 90,000 
. sites have been identified and, as in the United States, many 
landowners are beginning to view them as highly profitable 
investments and long-term sources of income. By some reck- 
; onings, these small dams — whether in China, the United 
[ States, or France— are the oil wells of the future, 
n In the Third World, a U.S. AlD-sponsored survey of small- 

j . scale hydroelectric potential shows the scope for development 
of Ickral generating facilities is broad. Opportunities look partic- 
ularly rich in the Andean countries of Latin America. Peru, for 
example, has thousands of developable sites in close proximity 
to its unelectrified Andean communities.^^ 
Although the world's hydroelectric potential has yet to be 
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inventoried in detail, the information at hand suggests that a 
vast potential awaits development. The obstacles to realizing , 
this potential are less technological than political or institu-, 
tional In some cases, difficult tradeoffs Wijl have to be made. 
Case by case, it will have to be decided whether the loss of 
cropland or wilderness areas through inundation is defensible 
in view of the need for a renewable source of electricity. In 
remote locations, development of hydroelectric sites may await 
the arrival of energy-intensive industries or further advances in 
the efficiency of long-distance transmission. Overall, this 
source of renewp.ble energy promises to become a cornerstone 
of a renewable society. * 

Harnessing the Wind 

The first known device for putting the wind to work, a wind- 
powered water lift, was designed in Persic around 600 b.c.^^ 
During the twelfth century, windmills appeared in Europe, 
where they were used in grinding grain and pumping water. 
Wind-powered sailing ships were instrumental both in the 
European colonization of the world during the Age of Explora- 
tion and in the growth in international trade that followed. 

Embodying an estimated 2 percent of the solar radiation the 
earth receives, the kinetic energy in the movement of air along 
the earth's surface is enormous.^^ Much of the economically 
harnessable wind energy is concentrated along coastlines and 
in mountain passes. Among the promising coastal sites now 
being considered for wind generation are the northern coast of 
the United Kingdom, th<5 southern and western coasts of Aus- 
tralia, the Soviet Union's extensive Arctic coastline, and the 
Third World countries astride the trade winds belt.^^ The 
coastal and mountain regions of the United States are richly 
endowed with wind power. 

The United States, Sweden, and Denmark lead the world in 
the development of wind power. Both Sweden and Denmark, 




Renewable Energy: Turning to the J un 



:223 



poor in fossil fuels but rich in wind power, are investing heavily 
in wind r<^carch and development. With most of its electricity 
generated by burning oiHmportcd from the Middle East and 
withistrong public opposition to nuclear power, Denmark par- 
ticularly is looking to harness its powerful coastal winds. The 
Danish Academy of Technical Services and the Niels Bbhr 
^Institute have each published reports exploring the various 
^ ^ components of a national wind-power strategy.^^ Several small- 
scale wind generators have been built and connected to the 
electricity grid. Perhaps the single most innovative Danish 
effort has been the design and construction of a wind generator 
by a group of professors and students at the Tvind Schools. 
Supported by advisors from the Technical University in 
Copenhagen and elsewhere, this group built the world's largest 
wind generator between 1975 and igyS for a modest invest- 
ment of $900,000.^2 Located near the village of Ulfborg in 
West Jutland, it stands as a remarkable example of what local 
initiative cari do in developing alternative energy sources. 

Like Denmark, Sweden is naturally endowed with a belt of 
strong westerly winds. Since 1975, the Swedish government 
has committed substantial resources to wind generator design, 
to the construction of experimental models, and to ''wind 
prospecting." Swedish scientists. have outlined an ambitious 
plan that calls for the construch'on of some 3,300 large wind 
generators, enough to generate as much electricity as seven 
lar^e nuclear reactors.^^ Many will be integrated with pumped- 
stoiage systems at existing hydro reservoirs to stabilize the flow 
of electricity. 

In Australia, wind prospecting is a nascent art, but 
meteorologist Mark Diessendorf of the Commonwealth Scien- 
tific and Industrial Research Organization reports that "re- 
gions of high wind c.iergy potential should exist around the 
coast' of the Great Australian Bite, the southwest of Western 
Australia, parts of Victoria, and the west of Tasmania/'^^ In 
J coastal areas where Australian utilities burn oil or in remote tf 
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communities that rely on dicsel generators, wind power is al- 
ready becoming economical. At many other Australian sites, 
wind power could be economically used now to produce elcc; 
tricity if existing diesel generators were used as a backup- jxiwer 
source. 

Although many countries are now seriously exploring wind 
power, the United States is at the leading edge. Between 1973 
and 1980, the Department of Energy (DOE) spent nearly 
$200 million studying and developing wind turbiqc^ genera- 
Jors.^^ Most of that sum went to the development of largb^d 
middle-sized turbines, but roughly a quarter of the budget 
underwrote the development of generators of the two-to-ten 
kilowatt variety — machines small enough for use by individual 
homeowners, farmers, and ranchers. 

DOE's early wind-generator prototypes were medium-sized 
machines designed to produce a flow of 200 kilowatts and 
erected at a variety of sites around the country.^^ Members of 
the second generation of wind turbines are much farger, mostly 
in the 2.0 to 2.5 megawatt range, a size that some engineers 
believe will be economically optimal. The next step in the 
DOE program will be to construct three 2.5-megawatt wind 
turbines in the state of Washington near the border it shares 
with Oregon. Each of the^'propfcller blades of these Boeing- 
built prototypes will exceed in length the wingspan of a Boeing 
747 jumbo jet. The machines will stand in a windy gorge of the 
Columbia River and feed electricity into Bonneville Power, the 
local utility. At full power, this cluster of three will- provide 
enough electricity for 2,500 average American homes. (Four 
hundred such machines could produce as much power as a 
large nuclear or coal-fired generating plant.) 

Besides developing prototypes on government contracts, 
most U.S. wind-machine companies have focused their early 
efforts on selling wind generators to electrical utilities. Among 
the exceptions is U.S. Wind Power, a 50-year old Massa- 
chusetts-based firm that proposes to sell electrical power rather 
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than the generators themselves. The assumption is that utilities 
arc accustomed to buymg power, as they often do from each 
Other, but not to buying new technologies. As a starter, U.S. 
^* ^ Wind Power has signed a preh'niinary agreement with the 
Cah'forrtia Department of Water Resources under which the 
.company will build a loomegawatt **wind farm** consisting of 
some 2,000 of the ^mall 50-kilowatt machines.^*^ 

In tandem with the rising cost of power generated from 
nuclear and coal-fired plants, the declining cost of wind- 
generated electrical power is spurring the formation of new 
f firms to exploit this promising new market.^^ After operating 
; only a year. Wind Farms, Ltd., of San Francisco has plans to 
construct an 80-megawatt "wind farm" that would utilize 32 
of the 2.5-meg3watt windmills on 2,500 acres in Hawaii and 
sell its;power to the local utility. Panaero, headquartered in 
Denver, Colorado, is following a similar tack. According to its 
director, the company is negotiating the sale of wind-generated 
^ power with ten electrical utilities, mostly west of the Missis- 
sippi. Recent economic analyses show that if capital invest- 
ment,'fuel costs, and maintenance and operating costs are all 
taken into account, areas with persistent high winds can pro- 
duce wind-generated electrfcity competitively now. 

Sensing this new potential, the U.S. Congress passed the 
' Wind Energy Research, Demonstration, and Utilization Act 
of 1980, a. bill that would provide strong market support for 
wind generators through 1985, by which time the industry 
should be mass producing wind generators. Support for the bill 
stems from the conviction that wind could supply 2 to 4 per- 
cent of national electrical power demand in the year 2000,^^ 

As more and more countries come to understand wind 
power's potential and to engage in wind energy prospecting, 
the market for electrical wind generators could expand rapidly. 
The Soviet Union, which has* thus far focused on small-scale 
wind turbines averaging roughly 10 kilowatts each, plans to 
generate 4,500 megawatts of electricity annually with wind by 
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1990. Under this plan, the number of wind generators will 
increase from 4,500 in 1980 to 150,000 by 19907^ In the 
United Kingdom, writes Dr. Peter Musgrove in the New Scien- 
tist, ''North Sea wind might just join North JSea oil and gas in 
majcing a . useful contribution to Britain's energy supplies/'-^^ 
Ironically, the very winds that roughen the North Sea^and 
make oil exttaction so difficult could prove to be an even more 
valuable long-term source of energy than oil. If capital from the 
valuable oil being pumped from the North Sea were invested 
in wipd farms along the northern and western coast of the 
United Kingdom, this could help secure the country's long- 
term energy supplies even after 1983, when oil production is 
expected to begin declining. . 

global survey of tlie potential for developing wind power 
resources led M. R. Gustav,son of the Lawrence Laboratory at 
the University of California to a hopeful conclusion. "Should 
the large-scale capture of wind energy prove economically re- 
warding and otherwise acceptable,*' says Gustavson, "it has "a 
magnificent potential/'^^ Indeed, by at least one published 
estimate, .the world's econorhically harnessable wind power is 
seven times greater than its hydropower potential As it 
becomes economically attractive, this benign and relatively 
abundant source of renewable energy should be quickly and 
systematically put to use. * 

Tapping the Earth 's Heat 

Hot springs, geysers, and the molten rock that pours from 
erupting volcanoes all testify to the great heat within the earth 
But only recently have ^scientists begun to assess the earth's 
gcothermal potential. Neither solar nor fossil, the geothermal 
heat stored under the earth's cool outer crust is so vast relative 
to human needs that it is for all practical purposes a renewable 
resource. While a complete inventory of geothermal potential 
is years away, the principal geothermal belts are well known as 
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tlOH. 

While geothermal energy is highly visible around the Pacific 
rim with its frequent volcanic activity, it is a widely dispersed 
energy source, one that can be readily tapped wherever the 
.earth^s crust is thin. Energy analyst Louis J. Goodman and his 
colleagues believe th^t "new drilling techniques borrowed from 
. the oil business should eventually allow the earth's awesome 
4 subterranean energy to be harnessed in large quantities, at 
economic costs, in:most parts of the wofld."^' The earth's 
richest geothermal resources border the Pacific Ocean in the 
so-called "rim of fire ' that stretches from New Zealand up 
through New Guinea, the Philippines, Japan, Western Siberia 
^ and then^own^h rough the western^ United States, Mexico, 
Central America, and the west coast of South America. 

Geothermal heat can be used either directly for residential 
heating or industrial processes and in greenhouses, or indirectly 
as electricity, depending on end-use needs and the temperature ' 
of the geothermal resource. But since geothermal energy is 
6 site-specific and cannot be readily transported except in the 
form of electricity, industries are likelv over time to concen- 
trate in the world's major geothermal fields, much as they arc 
beginning to concentrate in areas rich in hydroelectric power 
and in heavily wooded areas. 

Several countries use geothermal energy for space heating 
Iceland has long relied on geothermal energy for residential 
heating. Indeed, 65 percent of all Icelandic homes are heated 
by hot water drawn from underground, and most of Iceland's 
fresh tomatoes, lettuce, and cucumbers are produced in geo- 
thermally heated greenhouses.'^** Two U.S. cities — Klamath 
Falls, Oregon, and Boise, Idaho — also rely heavily on geother- 
mal energy for residential heating Hungary and the Soviet 
Union both have extensive acreages of geothermally heated 
greenhouses. 

Direct industrial applications of geothermal heat are just 
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beginning to be dcvclopcd^^ One of the first industrial firms 
to use it was the Tasinan Pulp and Paper Company in Kavve- 
rail, New Zealand, starting in the early fifties. Tasman used 
geothernial heat to operate its pulp and paper plant and tim- 
ber-drying kilns. In Iceland, one of the world's largest high- 
grade diatomaceous earth-processing plants relies entirely on 
geothermal heat, most of it averaging 2^0" C at the wellhead 

Although geothermal heat is used directly in many locations, 
its greatest long-term potential is in electrical generation. As of 
1981, geothermal electricity is still in the early stages of devel- 
opment, but it is growing by leaps and bounds. Among the 
early leaders are the United States, Italy, New Zealand and 
Japan. Total capacity at the beginning of 1979 was 1,500 
megawatts, the equivalent of -roughly one and one-half of the 
largest coal or nuclear-powered generating plants. Within the 
United States alone, the soo megawatts of capacity on line in 
1979 is expected to reach 1 ,8cx> megawatts by i983.'76 By that 
time, 3 percent of the electricity in the states with geothcr- 
mally powered plants — California, Utah, Nevada, Hawaii, and 
New Mexico — will be gcothermally produced.'^'^ By the end of 
the century, California could be drawing 25 percent of its 
electricity from geothermal sources.'^^ 

Japan's Natural Resources Research Commission estimates 
that the country has enough recoverable geotliermal energy to 
provide 40,000 megawatts of electricity for 1,000 years '^^ By 
1985 Japan is expected to be drawing 1,400 megawatts of 
electricity from geothermal sources By the end of the century, 
some sources see oil-short Japan emerging as the world leader 
with as much as 48,000 megawatts of geothermal-electric ca- 
pacity.^^ According to the Inter-Agency Geothermal Coor- 
dinating Council, the United States is projected to be second 
with 27,000 megawatts of installed capacity by the year 
2000.^' The Philippines, which has only lately taken its geo- 
thermal resources into account, expects to make tliose re- 
sources its second-ranking source of electricity by 1985 with 
some 700 megcwatts of capacity.^^ 
<-35 
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El Salvador, one of the first Third World countries to exploit 
its geothermal reserves, now obtains nearly a third of its elec- 
« tricity from its Ahuachapan geothermal field.®' By 1985, it 
expects to be generating all of its electricity from,geotherma! 
and hydro sources. Turkey, with some 600 boiling hot springs, 
has a great potential for geothermal electrical generation, The 
Turkish Government also has ambitious plans for using 
geothermal energy to heat buildings-i and greenhouses.®'^ 
Given the widely dispersed nature of geothermal energy (and 
hence broad geographic accessibility) in Turkey, it should 
figure heavily iii the national energy budget by the end of the 
century. 

Perhaps the most ambitious single geothermal power plant 
under consideration is in theiSoviet Union. A ^tudy sponsored 
by the U.S. Department oft Energy reports that ''plans are 
under way to tap the Avashinski volcano ^n the Kamchatka 
peninsula at a cfepth of 3.5 km (1 1,500 feet) in the hope of 
establishing a resource which^might supply a 5,000 megawatt 
geothermal plant for 500 years. ''^^ - 

Largely ignored during the era of cheap oil, geothermal 
energy development now looks relatively cheap and environ- 
mentally benign. On prime sites in the western United States, 
it is already generating electricity more cheaply thafl coal, oil, 
or nuclear power. In the Philippines, geothermal-generated 
electricity costs only one-fifth as much as that generated from 
^ oil.®^ 

While geothermal energy development is not without its 
problems, particularly the environmental drawbacks of rein- 
jecting underground the mineral-laden water once the heat has ^ 
been extracted from it, they do not appear to be as troubling 
as the acid rain and carbon. dioxide pollution associated with 
coal production or the radioactive waste-disposal problems as- 
sociated with nuclear power. By the end of the century, geo- 
thermal heat promises to be the dominant source of electricity 
in several countries and a major entry in the global energy 
budget. 
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Rooftops as Collectors 

The.technology for collecting solar energy for heating purposes 
is one of the simplest imaginable. In essence, it consists of a 
glass-topped box with a dark liottom that absorbs incoming 
sunlight. The box traps the sunlight and converts it into heat 
The glass permits light to stream through unimpeded but 
checks the reverse flow of energy once it is converted into heat. 

A slightly more complex variation of this techno]ogy^s>th^ 
vacuum tube collector, now widely marketed in the United 
States. In this collector, a tube containing the water or other 
heat-absorbing liquid is situated inside a larger tube. The space 
between the tubes — a partial vacuum — serves as an insulator. 
Once the heat is trapped in either type of solar collector, it can 
be used to heat water, inferior space,*^or ds low-grade industrial 
process heat. 

One salient advantage of solar collectors is independence. 
They can provide household energy without being hooked up 
Ao the grids through which electricity, natural gas, and other 
forms of energy are distributed. Another is size. Collectors can 
be fitted on rooftops, so their land requirements are minimal. 
A third selling point is invulnerability to politically inspired 
embargoes or other international disruptions such as those 
associated with oil or uranium economies. 

Simplicity and these other advantages have not yet made 
rooftop collectors standard household features in most of the 
wodd. Interest in solar collectors heightened after World War 
11 and the devices began to catch on in a few countries. Within 
the United States, for example, there were some 5o,(X)0 roof- 
top sojar water heaters in the Miami area alone by the mid- 
fifties.^'7^ But the availability of cheap oil and natural gas all but 
deadened that interest in the ensuing years. 

Foremost among those countries that continued to rely in 
part on solar energy when other nations developed petroleum- 
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based economies is Israel., Roughly one-tenth of all Israeli 
households use solar energy for heating. water, and the Israeli 
government expects the number of solar heating units to in- 
crease from 4CX),ocx) tip. 650,000 between 1980 arid 1990.®® 
Uiiderpinning thij growth is the requirement that all new 
public buildings incorporate solar water-heating systems and 
the Ministry of Energy's commitment to covfering 10 percent 

of jthexosts of all. new solar installati ons. ' 

/ Irffhe Unifed Sfatcs, a^^irTmost other countries, interest in 
solar collectors surged following the OPEC oil price increase 
in late 1973, Although sales from the fledgling industry totaled 
only J. 3 million sqqare. feet of collectors in 1974, over 10 
million square feet were sold in 1977. (Sec Table 9:5.) Iii 1978, 
sales stagnated as consumers waitccl for the passage of the 
National Energy Act, which contains financial incentives for 
solar energy installations. In 1980, sales exceeded an estimated 
19 million square feet, bringing the cumulative installed arqa 
of collectors up to nearly 66 million feet or one square foot for 
every ^thrcc people in the United States. 

During the seven tics,, most of the solar panels sold were used 
for heating water for homes and swimming pools. (A California 
ban on new swimming pools that used fossil fuels furthered this 
trend.) But as fuel costs rise, solar panels will find wider applica- 
tion among commercial users of low-grade heat. On-farm grain 
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dryers, car washes, restaurants, food processors — all are likely 
to find investments in solar, collectors increasingly attractive. 

Solar collectors' potential must be gauged in terms of the 
need for heat at low temperatures — since low-grade heat is 
what collectors produce. In the United States, where some 33 

, ^ percent of all energy is used for heating purposes, the solar 

potential is commensurately large. As the phased decontrol 

! of U.S. oil and natural gas prices nears completion, this poten- 

tial is likely to be increasingly appreciated. An added induce- 
iment to install solar heating devices is being provided by tax 

' credits at both the federal and'state levels. The.Energy Tax Act 

of 1978 as amended by the Windfall Profits Act of 1980 
provides through 1985 a 40 percent credit toward the first 
. $10,000 spent dn active solar equipment designed to heat 
water or heat or cool a 'home. Supplementary financial incen- 
tives, mostly in the form of tax credits, are also available in 
most states. California, for example, provides a tax credit of 55 
percent, as long as it does not exceed $3,000, toward the cost 
of residential solar installations.^^ In some cases, the two types 

] of credits are cumulative, so the consumer actually pays less 

than half the up-front costs of the system. 
^ By a Department of Energy estimate made before the 1979 
oil price rises and the beginning of oil-price decontrol in the 
• United States, 1.6 million homes will be using solar water 
heaters by 198; and another 300,000 would be using solar 
energy for space heating.^ ^ As of early 1981, these projections 
appear too conservative. Indeed, California alone expects io 
have 1.; million solar installations by 198;.^^ Wi^h energy 

, ' prices and public incentives increasing in the United States, 

: rooftops may well sprout solar collectors in the eighties the way 

they did television antennas in the fifties. 
That market tiunch lias two-sets of adherents. While indi- 
, vidual companies are beginning to research the profitability of 
manufacturing solar collegtois, others are experimenting with 
their large-scale use. In Minneapolis, Minnesota, for example, 
the Honeywell Corporation has recently built an eight-story 
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office building heated and cooled largely by solar collectors. 
With i66,ppp square feet of floor space, the building gets 50 
percent of its space heating, 80 percerrt of its cooling, and 100 
percent of its water heating from the collectors.^^.As solar 
energy technologies become more cost-competitive vis-a-vis 
fossil fuels, more profit-minded corporations will invest heavily 
in them. 

In^ France, which imports all of its oil and most of its coal, 
interest in solar collectors runs high. While only 20,(000 solar 
hot water heaters were in use in 1979, France hopes to be 
manufacturing a half million solar water heaters per year by 
1985.^'* Low-interest Toans that completely cover the cost of 
solar collectors and theitinstallation are expected to undergird 
the expanding market. 

Among Asian countries, Japan is indeed the Land of the 
Rising Sun. As of 1980, over 1.6 miljion building^ were already 
using solar hea^ting systems, the great majority for heating 
water.^5 gy 1985, the Japanese government expects some 4.2 
million buildings — homes, factories, and offices? — will be simi- 
larly equipped. The plan is to increase this to 7.8 million 
buildings by 1990; to 12 million by 1995. By this latter dat<^, 
30 percent of ail buildings are^expected to have solar collepiors 
on their rooftops. 

As the. eighties began, rooftop solar collectors 'contributed 
only marginally to the world's energy supply. But the stage is ' 
set for rapid expansion. In the United States, some 360 firms 
were manufacturing and marketing solar collectors in 1980.^^ 
As fossil fuel supplies dwindle, as energy prices riSe, and as the 
costs of solar collectors fall with mass production, solar collec- 
tors can be expected to meet a steadily expanding share of the 
world's need for low-temperature heat. 

Electricity from Sunlight 

Electricity can be generated from sunlight in two ways. One 
is TOncentratilig sunlight to generate steam; the steam is then 
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used, to drive an electrical generator/ just as it is in fossil or 
nuclearrfired el^trical generating plants. Desp'te a few govern- 
ment-sponsored solar "power towers" in the Onited States and 
southern Europe, this technology docs not appear to be cost 
effective and is^unlikely to go beyond the pilot plant stage. Tlie 
second technology, the photovoltaic cell, is far less conven- 
tional. 

In 1954, scientists in New jersey's Bell Laboratories discov- 
ered that a silicon wafer could generate an electrical current 
when struck by sunlight.^-^ Writing in Science, physicist Henry 
Kelly describes the process: "Energy in light is transferred to 
electrons in a semi-conductor material when a light photon 
collides with an atom in the material with enough energy to 
dislodge an electron from a fixed position in the material, 
giving it enough energy to move freely in the material."^® In 
the photovoltaic cell, the energy that dislodges the electron is 
funncled into a wire leading from the cell. The direct current 
(DC) generated in this way can then either be converted to 
alternating current (AC) or, more efficiently, it can be used 
directly with DC-compatible appliances. 

Despite the photovoltaic's latecomer status, the feasibility of 
the technology for special uses is no longer questioned. By the 
niid-si:>cties, photoyoltaic cells were being used to power Intel- 
sat's communications satellites. At issue is whether the cost of 
photovoltaic-generated electricity will fall far enough to make 
it broadly competitive. Costs'arc falling rapidly. The photovol- 
taic cells installed in the orbiting Skylab that was launched in 
1973 cost $300 per peak-watt.^*^ A small-scale purchase made 
by a railway in 1976 cost $45 per peak-watt of power, ^^o 
1978, a large government purchase was made at $1 1 per peak- 
watt; another was made at $7 per peak-watt. DOE projects 
that the price will fall to $2 per peak-watt by 1982, to 50 cents 
by 1986, and to 10 to 30 cents in the i990s.*^2 

U.S. government support for photovoltaic development in 
the form of research grants and large-scale procurements, along 
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with rapid technological advances, has stirred substantial inter- 
est in pKctovoltaic cells in the business community. By early 
1980, five U.S. companies were committed to the mass produc- 
tion of photovoltaic cells. ARCO-Solar has made one of the 
heaviest investments to date. By mid-1980, the firm was put- 
ting the finishing touches on a 4,000 square-foot factory 
equipped with the world's first fully automatic production line 
for photovoltaic cells. ^^4 ARCO's pet project is a photovoltaic 
roofing material that simultaneously replaces conventional 
fopfing and goperates electricity that can be converted into 
alternating current for household use or (should surpluses ac- 
cumulate), fed back into the local electrical grid. In Texas, 
Photon Power is planning to produce enough photovoltaic cells 
to, generate five megawatts of electricity annually, Using a 
cadmium sulfide technology, the company expects a combina- 
tion of future increases in the conversion, efficiency of the cells 
and the economies associated with large-scale production to 
reduce thecost per watt to perhaps as little as locentsby 1990, 
In the United States, virtually all of the early entrants in the 
race to commercialize photovoltaic cells are owned partly or 
wholly by oil companies. ARCO Solar, for example, is a subsidi- 
ary of ARCO, whidH^nfOses its solar arm with large amounts 
of capital. The majority interest in Photon Power is owned by 
Compagnie Fran?aise de Petrol. SEF, which plan™ produce 
photovoltaic cells commerciaHy by 1 98 1 , is a subsidiary of Shell 
Oil Exxon, which has not yet en^barkcd on commercial pro- 
duction, is experimenting with the amorphous silicon technol- 
ogy. Elsewhere in the world electronic firms dominate the 
fledgling industry.^06 \^ West Germany, AEG Telefunken is 
producing 2 megawatts of photovoltaic capacity annually with 
a potential for going to 6 megawatts if market conditions 
warrant. Siemens, AEG's principal competitor, is planning an 
annual output of 1 megawatt and has finished design work on 
a photovoltaic water pump. Philips, the Dutch electronics 
giant, is producing photovolftic cells in France Although de- 



ERIC 242 



236: Building a Sustainable Society 

tails arc not available, Japan is readying fui n big push in 
pliotovollaics. 

Somewhat ironically, the big potential market for photovol- 
taic cells may be in the hundreds of thousands of villages in the 
Third World that have not yet been electrified Although it 
now costs more to install photovoltaic generating capacity than 
conventional generating capacity, the grir^ needed to distribute 
convMtipnally derived energy can be far more costly than the 
generamig capacity itself. For that reason, and because photo- 
' voltaic arrays need' not be large to be efficient, photovoltaic 
devices may already be cost-effective for villages that have 
modest electrical needs and no connection to a utility transmis- 
sion grid. 

Tlie world's first solar-electric village is in a U.S. setting with 
a TTiird World character. In December of 1978, thcTHlage of 
Schuchuli, one of 53 villages on the Papago Indian Reservation 
in Ariyx)na, was electrified for the first time when its photovol- 
taic array was turned on. When the switch was thrown Jn this 
remote, small (96 residents), and sundrenched location, it il- 
luminated flourescent lamps that replaced the kerosene lamps 
and it started a small water pump that replaced a dicsel-ppw- 
ered pump. The photovoltaic panels now produce 3.5 kilowatts 
of peak-watt power — enough for 47 fluorescent lights, a two- 
horsepower water pump, 15 small refrigerators, a sewing ma- 
cliine, and a communal washing machine,^^^ Excess power is 
stored in batteries for use at night or on cloudy days. 

The world's second solar electric village is in Upper Volta, 
There, the U.S. Agency for International Development has 
sponsored a 1,8-kilowatt photovoltaic generating array that 
produces power that villagers use to pump water and grind 
grain. The water pump lifts 5,000 liters p'er day, the most the 
well can supply, while the grist mill produces enough finely 
ground grain to meet the requirements of about 640 fami- 
lies. In this village of 2,700 inhabitants, where farming and 
cattle raising are the main activities, the new power source is 



Renewable Energy: Turning to the Sun :237 

particularly appreciated by tlje village women/who have tradi- 

tionally spent long hours drawing water and grinding grain by 
- hand. ? 

In India, the Indian Institute of Technology is designing a ^ 

lO-kilowatt solair power plant. It hopes to sec such plants in- 
, stalled in India's villages, most of which have not yet been 

electrified. Here, they would be used primarily to pump\water, 

light homes, and power community radio and television receiv- 
ers. 

Heartening as early photovoltaic applications may appear, it 
is difficult to say exactly how rapidly use of this energy technol- 
ogy will grow given the uncertain pace of technological ad- 
vance. Yet, as the eighties begin, the industry is gathering ^ 
speed and activities once sponsored and funded solely by gov- 
ernment are being taken up by private enterprise. If production 
costs fall as projected, electricity from photovoltaic cells could 
become particularly important to that segment of humanity 
living in the hundreds of thousands of villages not yet con- 
nected to power grids. %, 

Solar Architecture / 

Solar architecture was an advanced profession 2,500 years ago 
when the ancfent Greeks practiced its pririciples. As Ken Butti 
and John Perlin report in A Golden Jliread, Socrates himself 
explained the importance of building houses with a southern 
exposure and, overhanging eaves, "in houses that look toward 
the south, the sun penetrates the portico in winter, while in 
summer the path of the sun is right over our heads and above 
the roof, so that there is shade/* Such a design proved efficient 
enough |o keep the houses comfortable for two-thirds of the 
days from November to March, 

The archeological remains of other ancient civilizations in 
North Africa, the iMiddle East, northern India and the south- 
western Unifed States also indicate that the principles of solar 
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arcliitccturc were fully mastered 'millcnia ago. Before the po- 
tential of fossil fuels was known, nnich less the utility of elec- 
«^tricity, buildings had to be made warm in winter and cool in 
summer. Now that fossil fuel reserves arc being depleted, mod- 
ern civilisation is rediscovering the value of solar architecture 
— ^structures with minima! fuel requirements for heating and 
cooling. 

Passive solar design, described by one enthusiast as an energy 
system that has only one nioving part — the sun — begins with 
site selection. Any given building site accentuates some local 
climatic features while minimizing the effect of others. locat- 
ing a house on or nearby a hilltop will usually mean more wind 
exposure — a spur to both summertime ventilation and winter- 
time heat loss. Although some sites actually afford good^air 
movement during the summer without excessive exposure to 
winter winds, most entail a combiuatiou of costs and benefits, 
all of which need to be carefully calculated. 

Building orientation can increase or decrease fuel bills by a 
third. In the north temperate /one, buildings should face south 
in order to take advantage of the wintertime sun low in the 
southern sky. Incorporating a roof overhang insures that the 
house's southern side will be shaded from the hot midday sun 
during the summer, while nu'ninii/ing the amount of glass used 
on the northern side restricts heat loss, Lxxrating living spaces 
on the southern side of the home, while placing closets, baHis, 
storage rooms, entry ways, and garages on the north side also 
saves energy and reduces drafts. By the same token, a two-story 
house loses less heat than a sprawling one-story house with the 
. same floor space. Town houses, row houses, or otiier structures 
, that share common walls also lose less heat to the outdoors than 
free standing buildings do. 

Ihsubtion obviously plays an important role in energy archi- 
tecture. A poorly insulated house that acquired one-fifth of its 
wintertime heat from the sun could acquire half if carefully 
insulated. For this reason, keeping the amount of such poor 
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insulators as glass to^a minimum on all but south-facing walls 
is also critical Doing so helps minimize the heat loss in winter- 
time and the cooling costs when air conditioning is needed. 
Indeed, some new glass-walled office buildings have turned out 
to be extraordinarily costly to cpol in the summertime since 
they function as giant solar collectors. As energy prtces soar, 
the cost of cooling buildings of this design could become 
prohibitive, even as insulation becomes more and more eco- 
nomical. ' V 

These and other design features enable modern architects to 
better even the ancient Greeks, who designed buildings that 
provided two-thirds of the daytime heat they needed during 
winter. Advances in engineering, a, better understanding of 
thermodynamics, and the availability of new building materials 
all spell exciting new possibilities in passive solar design. At the 
University of Saskatchewan, for instance, the Mechanical En- 
gineering Department faculty has designed a house that is so 
energy-efficient that it docs not pay to install a furnace. Homes 
built on the Saskatchewan model remain comfortable in the 
Canadian prairie's interminable subzero winter. What is more, 
they .resemble in both appearance and price conventional 
homes in the area, and cost their residents about $40 annually 
to hcat.ii^ - * . 

The heating requirements of these carefully designed homes 
are so low that most of the heat needed {85 percent) comes 
from the occupants bodies, the operation of electrical appli- 
ances, and from the windows on the southern exterior. This 
extraordinary thermal efficiency is due to several ingenious 
design features: doubl(^studded walls contain 12 to 15 inches 
of fiberglass or cellulose insulation, the whole building (except 
for windows and doors) is wrapped in a "bag" of polyethylene 
plastic installed in the walls, and the windows (seven out of 
nine of which are on the south side) are double- or triple-glaxed 
and are covered with heavy shutters at night. Also needed in 
a house as tightly built as this one is an air exchanger to^ 
V 
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introduce fresh air from the outside and to exhaust stagnant air 
once its heat is captured for reuse. (A similar technique is used 
to retain heat from waste vvater; a thrifty grey-water heat- 
recuperator system helps transfer the heat from hot water jiised 
for bathing, dishwashing, and laundry to the fresh water being 
heated.)- 

Needless to say, the economic appeal of such a home in the 
severe climate of Saskatchewan is strong. While the extra insu- 
lation, window shutters, and heat exchangers represent addi- 
tional costs, the expenses can be recouped because no furnace 
is needed. Furthermore, an analysis of the economics of these 
energy-efficient homes indicates that the "high levels of insula- 
tion and passive solar design were shown to be the most cost- 
effective options in the life-cycle comparison — much cheaper 
than active solar and many times less expensive than electricity 
Or natural gas."^^^ " 

Overall, the annual heating bill of homes built to different 
building standards vary widely. Assuming the Sc^me climate, the 
energy-conserving Saskatchewan house described above can be 
heated for less than a tenth the cost of heating a house in 
California constructed according to the state's building code. 
(See Table 9-6). Similarly, a home built in Sweden according 

Table 9-6. Annual I Icating Costs According to Different Building 
Standards** 

Structure or Standard Annual Cost 



US average house, k>78 




(dollars) 

680 
500 



French building code, 1974 
U S Kuilding standards, 1978 
Swedish building code, 1977 
California building code, 1979 



360 



220 



Townhouse with retrofit. Twin Rivers, New Jersey 
Saskatchewan conservation house , 
Village House 1, passive solar 



95 



20 



^Assumes Siinibriy^i/ed houses usnu; oil hcii in a siniiKir clunatc 
Sourtt" A 1 1 Rosenftlcl ct al 



ERIC 




Renewable Energy: Turning to the Sun :241 

to the National Building Code can be heated for less than half 
the cost of heating one built in France according to the French 
building code. 

Office buildings too can be built to sharply reduce commer- 
cial energy use. The Tennessee Valley Authority is pfenning to 
construct a new five-story, energy-efficient office building in 

, Chattanooga, Tennessee,^ to house some 5,000 of its em- * 
ployees. The transparent roof of this spacious office building 
will permit large amounts of Sunlight to enter during the win- 
tertime. When combined with the tight insulation and addi- 

• tional sources of heat from bodies, office machines, and lights, 
the building will require relatively little additional energy for 
heating purposes In the summertime, the roof will be r.haded 
with louvers, and the building s air-conditioning system will 
rely on cold water ffom an ufiderground. aquifer beneath the 
building. C^liis water will enter the building at 59 degrees, well 
below normal room temperature, and will be returned to the 
aquifer downstream when it reaches 70 degrees.) This system 
will cut air-conditioning costs- by some 75 percent below those 
of a conventional system.^ ' 

The private horfie in Saskatchewan and the office building 
in Chattanooga are but twoof many examples of how architec- 
tural ingenuity can substitute for the use of purchased energy. 
Both demonstrate dramatically tlie potential for substituting 
modern teclinqlogies for dwindling fossil inch, Botli also high- 
liglit^tlie need for new building codes. To date, international 
experience indicates that the most eflFective and workable 
building codes are those that — like the mileage standards es- 
tablished for automobiles in the United States in 1975 — em- 
phasize standards and performance rather than specific struc 
tural requirements These give architects, and builders 
niaximunri flexibility. 

Be>ond formulating building codes, careful plaiiiiiiig at the 
coHimunity level is a key to increasing tlie Miermal efficiency 
of buildings In West Cerniaiiy, a new community being 
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planned as a suburb of Eriangen will integrate advanced con- 
cepts of energy efficiency, including solar architecture It will 
be Germany's first community to be shaped largely by energy 
considerations. In Davis, California, town planners discovered 
that wide streets were serving as heat collectors, raising the 
energy requirements for air conditioning within the commu- 
nity. They responded by making the streets narrower, by reduc- 
ing on-street parking, and by substituting parking bays This 
reduced the paved area of heat collection, allowed more room 
for trees, and thus substantially reduced Davis' air-conditioning 
requirements. 

Solar-oriented landscaping in public places and around 
homes and offices can also measurablv reduce buildings' energy 
requirements. Trees, which both provide shade and cool the air 
by means of evaporation through transpiration, are natural 
summertime air conditionerG In the wintertime, strategically 
located evergreens provide shelter from the wind Temperate- 
zone deciduous trees that provide shade in the summertime 
lose their leaves in the winter, permitting the sun to shine 
through when it is most needed. Solar landscaping, like solar 
architecture, increases energy efficiency. 

Overall, it is quite possi))le, perhaps even likely, that the 
uorkKs buildings will use less energy for heating, cooling, and 
lighting at the end of the century than they do today. In 
SMiimiing up this prospect in a \\ orldwatch Paper on energy 
and architecture, Christopher Flavin observes ''Even assum- 
ing substantial growth m housing, the world's buildings may be 
using 25 percent less fuel and electricity in the year 1000 than 
the> do toda>— an unportant step toward achieving a sustain- 
able world energy economy."* 

The Renewable Energy Potential 

Wood and hydroelectric power, currently the world's leading 
sources of renev\ablc encrgv, rank fourth and fifth m the global 
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energy budget arter oil, coal, and natural gas. Yet, despite their 
iniportance ip\^e global energy budget^ many sources of re- 
newable energy are frequently oniitted from projections of 
world energy use because data on their abundance and avail- 
ability are not available. For example, harnessing energy with 
rooftop solar collectors to heat water is not a commercial trans- 
action, so this form of solar energy does not show up in national 
economic accounts. Likewise, much of the world's firewood is 
produced and gathered in subsistence economies without ever 
entering the marketplace. Hundreds of cities use urban garbage 
to generate electricity, but there are no readily available world- 
wide data on the quantity of combustible waste used for this 
purpose. - 

The data in Table 9-7 represent an initial effort to document 
the use of renewable energy in 1980 and to project that use to 
the end of the century. These data sfiow renewable energy 
sources collectively supplying the energy equivalent, of i'8i 

Table 9-7. World Consumption of Energy from Renewable Sources, 
1980, with Projections to 2000* 



Source , 


j<)8o 


198s 


jggo 


J99S 


2000 




'(million metric tons'coal equivalent) 


Wood 


1,015 


^ 1,100 


1,220 


1,410 


1,640 


Hydroelectric 


600 


710 


850 


1,020 


;,200 


Wind 


3 


5 


»7 


90 


200 


Crop Residues 


100 


1 10 


1 10 


100 


100 


Waste— methane ^ 


4 


10 


30 
»5 


53 


90 


Waste — electric & stc.un 


10 


1 2 


20 


25 


Ceotherinal 


»3 


27 


52 


87 


140 

55 


Energy Crops 


3 


16 


30 


45 


Solar Collectors 


1 


5 


18 


49 
55 


100 


Cow Dung 


57 


60 


60 


45 


Photovoltaics 


1 




2 


20 


40 


Total 


1.807 


2,056 


2,404 


2,949 


3.635 



*Klcclricity from .ill sources cjliiilakd m krmsuf cojI rcqmrcd to produce aimvjlent , 
ninotint. 

Source WorldWatch Institute 



25U 



244: Building a S.ustainable Society 

billion tons of coals— or some 16 percent of the global energy 
budget. Between 1980 and the year 2000 the use of renewable 
energy is expected to more than double. In addition to offset- 
ting the impact of rising oil prices, interest in renewable energy 

- sources is being spurred by several economic considerations. 
First, since renewable energy resources are largely indigenous, 
the outlays of foreign exchange are often nonexistent or negli- 
gible, limited to those for imported equipment or technical 
advice. Second, many renewable energy sources are virtually 
inflation proof. Once a hydroelectric dam is constructed, the 
cost of generating electricity remains quite stable. Similarly, a 
homeowner who installs a solar water heater is immune to 
rising utility bills for heating water. 

In employment terms too, renewable energy sources are 
attractive. Invariably, they require less capital and create more 
jobs than do fossil fuels or nuclear power. In this respect, the 
timing of the transition from fossil fuels to renewable energy 
could not be more fortuitous, coming as it does when unem- 
ployment is high and record numbers of young people will be 

- entering the job market. 

Another advantage is that time lags in the development of 
renewable energy resources are shorter than for most other 
energy sources. A decision to turn to wood in a heavily forested 
area takes no more time than that required to purchase a wood 
stove or a wood-fired boiler in the case of industry A methane 
generator can be built in days. A small-scale hydro facility can 
be constructed with seasonally unemployed labor in a matter 
of months. Exceptions to this short lead time include large- 
scale hydroelectric projects, which can take niany yeajs, and 
'firewood plantations, which can require close to a decade be- 
fore harvesting can begin. But in general, renewable resources 
can be developed extraordinarily rapidly, as have wood fuel in 
the United States, geothermal energy in the Philippines, and 
energy crops in Brazil 

, In some cases, rapid development of a given renewable en- 
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ergy source requires commercial mass production of a utiliza- 
tion technology. For example, the key to rapid growth in wind-^ 
generated^ electricity will be the assembly Ime producFion of 
wind^ generators. With the first wind farm scheduled to start 
generating in the state of Washington in 1981 and the first 
ssembly line-produced wind generators scheduled for produc- 
tion in 1982, the stage is being set for, rapid growth in the 
exploitation of this abundant energy source*. 

It! some cases, the" tech nologfes required to develop renew- 
able energy resources are closely related to existijig, well under- 
stood technologies. For exainple,lhe engineering and aerody- 
namics.qf wind generators are close to those employed in the 
aerospace ^industry. Similarly the 'knowledge of deep drilling 
and geology brought to bear in oil explor^tiqn and production 
can beeasil>[ modified for geothermal development. Indeed, oil 
companies frequently discover geothermal resources when dril- 
ling for oil. / ' 

Of the sevpral renewable energy technologies, the one whose 
future depends most heavily on further advances is photovolta- 
ics. Unless costs are substantially reduced, solar cells' use will 
be limited to special situations, mostly remote applications. But 
if the costs can be brought down to the levels envisaged by the 
U.S. Department of Energy in its photovoltaic program (50^ 
per peak watt) then thes,e cells have a vast potential, particu- 
larly where electrical grids, do not exist. 

A^ide from the economic and security considerations, the 
development of renewable energy resources could also be ac- 
celerated by negative developments in the use or production of 
other energ)' sources. If the acid rain damage were to build up, 
coal could become an unacceptable energy source. Or, if a way 
'is not found safely^ to dispose of nuclear wastes, interest in 
/-renewable energy could accelerate even faster. 

The rate at which renfwable resources are developed will be 
influenced by how quickly national governments can inventory 
and exploit their indigenous resources. As of 1981, only a few 
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have devised plans that will permit a smooth transition from 
the use of fossil fuels, to dependence on renewable sources^of 
energy. Here, legislation and financial incentives that encour- 
age renewable energy resourccdevelopment will play an impor- 
tant role. One example in th(5^United States is the Public 
Utilities Rjcgulatory Policies Act'^f 1978, which requires utili- 
ties to bu^ power generated by small systems at the cost re- 
quired to generate that energy from new sources The Natural 
Resources Defense Council reports that "homes or businesses 
that generate power from renewable resources such as hydro- 
power, biomass, wind^ and from cogencration facilities or 
photovoltaic equipment will be able to sell back excess power 
to their local utility at reasonable rates/*^^^ 

Of course, realizing and maximizing the renewable energy 
potential will mean that difficult tradeoffs will have to be niade 
If the world's hydro potential is to become a mainstay of a* 
sustainable economy, it may be necessary to compromise on 
wilderness prescr\atipn, at leas^ enough to permit this energy 
source to hc'tapped. -If japan is to develop its vast gcotlicrmal 
potential, it may have to relax its restrictions on energy devel- 
opment in its national parks, which^are situated where geother- 
mal potential is greatest. But even in view of the need to make 
these trade-offs, the potential of "renewables" is promising In 
many cases, an upsurge in their growth may outstrip projec- 
tions and expectations simply because envisaging tiicir poten- 
tial while they are still in such an early stage of development 
is difficult. The return to renewable sources promises a security 
of energy supply unknown to the latter s:ages of the petroleum 
era. 




The shape of a 
Sustainable Societj^ 



A 



sustainable society will differ from the one we now ki)ow 
in several respects. Population size will nlore or less be station- 
ary, energy will be used far more efficiently, and the economy 
will be fueled largely with renewable sources of energy. As a 
result, people and industrial activity will fee more widely dis- 
persed, far less concentrated in urban agglomerations than they 
are in a 0etrolcum-fueled society. 

The transition to renewable energy will endow the global 
economy with a permanence that coal and oil-based societies 
lack. More than ftfat, it could lead us out of an inequitable, 
inherently unstable international energy regime since, unlike 
coal and oil, solar energy is diffuse, available in many forms, and 
accessible to all countries. 
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As the switch from fossil energy to /solar energy progresses, 
the geographic distribution of ecoiionific activity is destined to 
change, conforming to the location of the new energy sources 
The transition to a sustainable society promises to reshape 
diets, the distribution of population, and modes of transporta- 
tion. It seems likely to alter rural-urfcan relationships within 
countriesr and the competitive position of national economies 
in the world market. Then too, a sustainable society will require 
labor force skills markedly different from those of the current 
oil-based economy. 

The Changing Global Energy Budget 

The energy component of the transition to a sustainable 
society has two dimensions as discussed — a shift to renew- 
able energy sources and an increase in energy efficiency 
Indeed, the shift in the composition of the global energy 
budget during the next two decades promises to be unprece- 
dented. Trends in the share of energy supplied by some fuels 
will actually be reversed. After rising for several decades, the 
oil share began to' decline in the late seventies while the 
wood share began to increase, reversing a three-century 
decline. 

Some components of the future energy budget can be pro- 
jected with more confidence than others. Oil is one of the 
easiest to project. With oil production either remaining essen- 
tially dt current levels or, perhaps more likely, declining some- 
what as a strong depletion psychology emerges in key exporting 
countries, its share of the global energy budget seems certain 
to continue the decline that started in 1974 P'or projection 
purposes, it is ^issumed that output will decline by roughly 5 
percent by 1990 and an additional 10 percent by 2CX)0 (Sec 
Table 19-1.) 

Projecting future productioli of natural gas is somewhat 
more complicated Historically, the production of gas and oil 
have increased in tandem, largely because natural gas and oil 
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Table lo-i. World Consumption of Energy^^Nonrenewable and 
^ Renewable, 1980, with Projections to jooo* 

Natural 

Year Coal Petroleum Gas Nuclear Rcncwables Total 

(rijiljion metric tons coal equivalent) 
1980 3,149 3,9C« 
1985 3.83"! 3. 8 lb' 
1990 4,660 3,712 
»<W 5.»45 3.526 
2000 5,680 , 3,322 

*Elcclricily from all sources calculalctl in icrms of coal rcquircxi lo prodiitx; cqui\alcnt 
amount. ^ 
Source: Worldvvalch Institute 

are often found together. But now, even though more gas fields 
are being developed independently, iiew sources will presum- 
ably be offset by the decline during the eighties and nineties 
of gas production at oil fields. 

Coal production will increase, but probably by ever smaller 
increments. In the early eighties, world coal output could ex- 
pand at about 4 percent per year, with much of the additional 
output being substituted for oil in electrical generating plans 
and in the production of steam heat for industry. With virtu- 
ally all major industrial countries systematically converting 
their oil-fired electric power plants to coal, this potential for 
substitution will be largely exhausted by 1985. As a result, the 
growth in coal production is likely to slow to some 3 percent 
yearly during the last half of the decade.Thereafter, growth in 
the demand for coal will depend in part on the capacity for 
converting it into liquid fuel, a capacity that is not developing 
as fast as once predicted. 

Two potentially severe environmental constraints may limit 
growth iuvcoal use as the end of the century approaches. The 
first is pollution. Even at current levels of coal burning, acid 
rain is seriously damaging both plant and marine life in the 
northern hemisphere. The second is the potential rise jn the 
atmospheric carbon dioxide level, which could induce unac- 
ceptable climatic changes. While burning the remaining re- 
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serves of readily accessible oil or natural gas would probably not 
markedly ele^yate carbon dioxide levels, burning all the coal that 
remains would do so. 

A third constraint to coal use is economic. In weaning our- 
selves from petroleum^ it makes sense to shift directly Jto a 
renewable energy source whenever possible rather than to shift 
to coal as an interim fuel and then switch to '*renewables'' later 
as coal reserves dwindle. The cost savings of the Ohc-step shift 
would include those for retrofitting, fu<^l production, fuel distri- 
bution, and end-use facilities. 

And finally, coal-importing nations face supply vulnerabili- 
ties. Like oil, coal can be embargoed for political reasons 
Moreover, there are fev/er exporters of coal than of oil, and two 
of the four principal exporters — South Africa and Poland — are 
uncommonly vulnerable to strikes, political unrest, and other 
disruptions. Given the risks associated with growing depen- 
dence on coal, the pressures to shift directly to renewable 
energy sources are likely to reduce the growth in coal produc- 
tion in the nineties to 2 percent per year. 

With nuclear power plagued by economic, environmental, 
and political problenis, its development is losing momentum — 
v\itness tiie fact that each successive annual projection of global 
end-of-century nuclear generating capacity gets smaller Unless 
new reactor orders are placed soon in the United States, the 
world's leading producer of nuclear power, the national nuclear 
generating capacity will be declining by the end of the century 
as, older plants are shut down. 

Over the next two decades, growth in the solar component 
of the global energy budget will stand out. By the year 2000, 
the contribution of all sources of solar energy will collectively 
exceed that of petroleum, though by country that share will 
vary widely. While a few countries have laid well defined na- 
tional plans for the su itch from oil to solar energy, most have 
not. , 

Among the countries moving rapidly toward a sustainable 
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energy economy, Brazil is emerging as an early leader. Its 
program— aimed at eliminating most o.! imports by 1990 — is 
centered around the development of its vast hydroelectric po- 
-tential, the use of wood as a residential and industrial fuel, and 
its fast-advancing agriculturally based alcohol fuels programs. 
Witji a pauper's endowment of fossil fuels and a once-ambi- 
tious nuclear program in arrears, Brazil is building an industrial 
economy based almost entirely on renewable energy resources. 
To ensure success, Brazil 'could further exploit its hydroelectric 
potential by relying less on the automobile and more on electri- 
cally powered urban and inter-city rail systems. This change 
^ would reduce liquid fuel requirements and thus lessen the 
competition for food-producing resources between the trans- 
port and food sectors. At the same time, Brazil urgently 
needs to curb population growth; if it does not, the favorable 
resource/population endowment that gives it so many energy 
options will begin to shrink. 

^ China too has moved vigorously to develop its renewable 
energy resources— not so much because it lacks fossil fuels, as 
because it lacks the transportation infrastructure, investment 
capital, and technologies needed to exploit them. China's 
efforts have centered upon the construction of small-scale hy- 
droelectric generating systems in rural areas, the production of 
melhane from organic wastes, and an ambitious village-refor- 
estation program designed to ensure a long-term supply of 
fuelwood. Alone, none of these programs will dominate 
'China's long-term energy picture, but together they already 
dominate rural energy systems. And over the longer term 
China can develop its as yet largely untapped large-scale hy- 
droelectric potential 

Under the pressure of near total dependence on imported 
oil, the Philippine government has designed an ambitious lo- 
year energy program intended to reduce oil from 91 percent to 
56 percent of the energy budget by 1989.^ Although coal and 
nuclear power arc expected to account for some 15 percent of 
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total commercial energy use in 1989, renewable energy sources 
—including hydroelectric, geothernial electric, wood, agricul- 
tural wastes, timber-industry wastes, and fuel alcohol from 
sugarcane — could push the renewable energy share of total, 
energy use to one-third by the end of the ten-year plan. 

So far, none of the advanced industrial countries is as far 
along in implementing renewable energy programs as Brazil 
and China. Yet Sweden, almost wholly dependent on imports 
for oil, is couoidering a plan for weaning its economy from the 
use of fossil fuels and nuclear power by exploiting its forest 
resources and abundant wind-generating potential— even as 
total energy consumption increases by an estimated 50 per- 
cent.2 

In 1978, President Carter announced that the United States 
would try to obtain 20 percent of its energy from various solar 
sources by the end of the century.^ De\elopments sinqc then 
including the 1979 oil price hike and the virtual abandonment . 
of new reactor orders by utilities suggest that the solar share 
could be substantially higher Even as conservation efforts are 
reducing total energy. consumption, the shift to renewable en- 
ergy sources is accelerating. For example, use of fuc^wood for 
residential and industrial purposes is rising far nore rapidly 
than projected. 

As outlined in Table 10-1, the global energy budget will 
grow from an estimated 109 billion tons of coal equivalent in 
1980 to 1 5.2 billion tons at the end of the century— an increase 
of 39 percent, or 1.7 percent per year Should population 
increase as projected, per capita energy consumption by 2000 
for the world as a whole would change little in the midst of this 
growth. Flowever, if population growth should slow along the 
Imcs of Ihe timetable proposed earjier, then per capita energy 
consumpiion could increase accordingly If per capita energy 
consumption in the United Slates and other affluent societies 
continues to decline as waste is eliminated, the low-income 
countries wou'd be th': principal beneficiaries of effective popu 
!ation (>olicies. 



The Shape of a Sustainable Society :253 ^ 

« 

. . . . * 
The critical dimension} pf the global energy transition 'is 

time. The challnigc is to use coal to supplement dwindling oil 
reserves, thus buying time to develop the earth's hydroelectric 
and geothcrmal potential, to plant community woodlots, to 
install solar collectors, to build electric' wind generators, to 
build the methane generators, to plant, the energy crops, 
to develop the many other renewable energy resources, and 
to design a more energy efficient economic system. In this 
light, increasing energy efficiency should be a high priority in 
all countries. Perhaps the greatest contribution that the United 
States could make would be to apply its unmatched technologi- 
cal and engineering know-how to xvAucc its imports of oil, 
phasing them out by 1990. Such an act, quite possible without 
sacrificing growth or reducing the quality , of life, would measur- 
ably reduce pressure on world oil supplies, reduce inflatibnar> 
pressures worldwide, and buy additional time to make the 
transition. 

Even while the global shift to renewable energ> progresses, 
the world needs io go beyond clementarj concepts of conser\a 
tion to redesign the economic system, making it more energ> 
efficient. Our energ> wasteful global economic s>stcm e\ol\ed 
when oil cost $2 a barrel, so it cannot be expected toiunction 
smoothly when the price of oil or its equivalent reaches S40 or 
more per bnrrcL .*\s cheap oil fades intohistor), each economic 
sector will lia\c to be redesigned For example, in a fuel-short 
world, societies can maintain personal mobility .onl> if the> 
shift to more efficient forms of transportation. Likewise, forty- 
dollar a barrel oil also means o\erhauling the food production 
system. With costly oil, steers u ill not be able to stay m fecdiots 
until they are hea\ily layered uith fat. Just as we seek more 
fuel-efficient transportation, so we must also find nsore efficient 
processes for converting gram into animal protem. A steer in 
a feedlot requires seven pounds of grain for each pound of 
u eight gained, a modern poultry producer requires scarcely tuo 
pounds of grain to produce a pound of meat.** in an energy 
short 'world, we will eat more poultry and less beef. 
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Pulling off the energy transition smootlily will be an absorb- 
ing activity involving governmbnts, corporations, and individu- 
als. Some steps will be obvious and straightforward Finding 
substitutes for oil in electrical generation will be relatively easy, 
for instance, since the options are so various — coal in the short 
run, hydropower, wind, geothermal heat, waste, wood, and 
over the longer term, photovoltaics. By contrast, the transpor- 
tation sector, which is so heavily dependent on petroleum, 
faces adjustments in kind as well as degree. 

A Sustainable Transportation System 

The overwhelming thrust in the evolution of transportation 
systems since World \\ ar II has been toward growing depen- 
dence on automobiles. Within a single generation, the world's 
automobile fleet increased more than sixfold, going frorn just 
under 50 million in 1950 to some 315 million in 1980.^ In the 
\\ cstern industrial countries, the automobile shaped both the 
economic system and the way of life as vveH, becoriiing the 
s> mbol of affluence and modernization Even the Soviet Union 
began to lay plans for an automobile-centered transportation 
system, imitating the industrial West. Virtually all the Third 
World countries, vvith.the notable exception of China, aspired 
to the U.S. model. 

By the late seventies. North America had one car for ever)^ 
two people. Western Europe had one car for every three peo- 
ple, and Japan was well on its way to the same sort of '*automo- 
bility."^' According to a .975 international survey, the automo- 
bile accounted for 89 percent . ^ motorized passenger transport 
in North America, 78 percent in Western Europe, and 68 
percent in Latin America/ Elsewhere in the world the automo- 
bile's place was more confined. In the Soviet Union, for exam- 
ple, the automobile accounted for 1 1 percent of passenger 
miles, and buses and trains, 89 percent— the inverse of the 
ratio in the United States. 
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The worldwide trend toward automobile-centered transpor- 
tation systems met with resistance during the seventies when 
the world automobile fleet began to outgrow its fuel supply. 
When supplies became particularly tight, as they did in 1974 
and 1979 following disruptions in the flow of Middle Eastern 
oil, the United States and some other countries instituted* 
odd-even day purchases of gasoline.^ Japan and Brazil closed 
service.stations on weekends to discourage unnecessary driving 
and fuel use, and New Zealand adopted a earless day, with a 
$5cx> penalty for violators.^ Sri Lanka instituted the earless 
Sunday. In Eastern Europe, Bulgaria went further than most 
countries and adopted an odd-even day use of automobiles.^^ 
East Germany raised the price of gasoline to nearly $3 per 
gallon, while most West European governments raised the tax 
on gasoline to over Si per gallon. Singapore began restricting 
automobile use in the inner city.^^ In West Germany cities, 
pedestrian malls became commonplace.^'* In various forms, 
"nuisance rationing" and other restrictions on auto use in- 
dicated clearly that the automobile fleet was indeed outgrowijag 
its source of sustenance. 

With the tightening of the liquid fuels supply, the automo- 
bile faced a day of reckoning. Once it became necessary to set 
fuel-allocation priorities, the private automobile vvas invariably 
accorded a low position on the totem pole of priorities. Regard- 
less of the level of economic development or of the govern- 
ment's ideology, countries everywhere accorded food produc- 
tion higher priority than cars. In deforested Third World 
countries where kerosene is used for cooking fuel, governments 
gave cooking fuel priority over automobile fuel. (In Asia, for 
example, the refinery mix of products now yields two-thirds as 
much kerosene as gasoline.)^^ 

Throughout the Third World, the industrial expaiisiori 
needed to undergird national economies and accommodate the 
enormous growth in the labor force will also be given priority 
over private auto'^.jbiles by planners, industry will require for 



256: ( Building a Sustainable Society 

fuel and, to a lesser degree, for feedstock much of the oil now 
allocated by market forces to cars. E\eii with the transport 
sector, the automobile will be accorded a lower priority. As fuel 
supplies tighten and go\ernments are forced to support the use 
of more fuel-efficient forms of transportation, buses and trains 
will invariabl) taVt precedence o\er automobiles. In the com- 
petition between passenger transportation, part of which is 
discretioiury, and freight, the latter almost aluays gets top 
priority. 

Yet, estabhshing priorities for the use of dwindling supplies 
of liquid fuel is not itself enough. New sources of fuel are 
needed. Efforts to produce liquid fuels from coal, oil shale, and 
agricultural commodities notwithstanding, liquid fuels are 
likely to become e\er more scarce. Meanwhile, remaining hq- 
uid fossil fuel reser\es must be used sparingly and efficiently. 

Fuel efficiency in a post petroleum world comes down in one 
sense to getting more passenger miles per gallon — a quest in 
which the automobile fares poorly compared to the alter. la- 
ti\es. In cities, buses and trains ha\e a potential fuel efficiency 
of at least 1 50 passenger miles per gallon. In intercity transport, 
buses can achieve zoo passenger miles per gallon and trains 
twice that much if they are fully loaded. In the United 
States, Greyhound buses (which account for a large share of 
intercity bus transport) averaged 144 passenger miles per gal- 
lon of gasoline in 1979. In contrast, the American automobile, 
carr; iug an average of i 4 passengers, got only 24 passenger- 
miles per gallon.*^' 

The energy performance of buses and trains is often 
matched in fuel efficiency by mopeds, which can travel 130 
miles on a gallon of fuel. But even mopeds cannot measure up 
HI fuel efficiency to the bicycle. \\ cighing less than 30 pounds, 
the bicycle is durable and transportable, it requires little land 
and can often be powered with the excess food calories con- 
sumed by its rider. 

In the worldwide effort to raise the fuel efficiency of the 
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transportation system, the auto is destined to fare poorly even 
' with the scheduled efficiency improvements. Closely tied to 
liquid fuels, the growth in automobile production roughly par- 
allels that of oil From 1950 to 1973, growth in production was 
rapid, expanding at some ; percent per year. Since then, it has 
oscillated around 30 million vehicles per year. (See Table 10-2.) 
It is quite possible that the production of 31.3 million automo- 
biles in 1978 represents the historical peak and that production 
will continue the decline occurring since then as oil reserves 
dwindle. 

Both the design and role of the automobile and the future 
of the automobile industry — the world's largest manufacturing 
industry — ^will be aflPected by the changing oil outlook. Sup- 
pliers to the industry of steel, rubber, glass, and parts will find 
their markets shrinking. The automobile service sector, includ- 
ing dealerships, gasoline service stations, and auto repair gar- 
Table 10-2. World Automobile Production, 1950-80 



Swnber 

Year ' of Vehicles 



(million) 

1950 80 

i960 I 2 ^ 

1970 226 

1971 26 I 

1972 275 
»97^ 300 
1974 26 I 

197^) -92 

/ 1077 ^05 

1978 V 3 

/ ><>7<> 307 

/ 1980 276 



Source ii>50-j»;7^; I S Motor \ tliK Ic M.imifjUiircrs \ssocKJtion, 19S0 World 
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ages will all be affected. In the United States, the number of 
automobile dealerships and service stations has already begun 
to decline.^® 

Realistically, of course, there is often no feasible substitute 
for the automobile. Thus, improving automobile fuel efficiency 
deserves the industry*s highest priority. As of 1981, the most 
efficient automobile commercially available is the diesel-fueled 
Volkswagen Rabbit, a 4-passenger vehicle capable of getting 
close to 60 miles per gallon on the highway — an impressive 
performance record though by no means the ultimate. A 
British Leyland 4-passenger vehicle prototype gets 83 miles per 
gallon.2^ 

Regardless of which other efficiency improvements are made 
in the transportation system, passenger and freight traffic will 
have to be shifted from road to rail along major transportation 
arteries. The need is grounded in a simple fact, steel wheels on 
a steel rail have an inherent efficiency that rubber-tired vehicles 
on a road can never match. In addition, rail vehicles can run 
on electricity or coal, which makes them more versatile than 
cars or trucks. Among other things, this last point means that 
those railroads in Third World countries that still use coal may 
not have to worry about conversion. Trolleys, street cars, and 
other light rail systems can play an increasingly jniportant role 
throughout the world's cities. C Kenneth Orski, a U.S. urban 
transportation specialist, makes a strong case for them not only 
because they are energy-efficient in their own right but also 
because their use can define corridors for high-density develop- 
ment and thus encourage a more rational use of both land and 
energy. 2^ 

How fast national transportation systems are restructured 
depends on the effectiveness of national political and industrial 
leadership. Countries that quickly develop more fuel-efficient 
transp6rtation systems will find themselves with a competitive 
advantage in world markets. Bv the same token, those faced 
with increasingly costly road-tcntered freight and passenger 
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transport will And themselves handicapped in international 
competition. One industrial country, Sweden^ h as gone so f ar 
as fo exaiSinca^fiTture witHout private automobiles. In Stock- 
*f holm, the Office of Future Studies, attached to the Prime 
% Minister's office, has recommended phasing out private au- 
*: tomobiles.22 "Po accompany this phaseout, it recommends 
greatly expanding and improving the public transportation sys- 
I tern and complementing it with an expanded fleet of rental 
automobiles for use on special occasions. 

In the United States, the use of public transportation has 
been rising while gasoline usage has been falling. Following a 
steady decline for nearly three decad.es after World War II, 
mass transit ridership has been increasing since 1973.^^ In 
1979 it jumped by a record 7 percent in one year, .well above 
the 4 percent annual rise over the five preceding years. U.S. 
funding for mass transit in fiscal year 1981 totalled a record 
$4.6 billion.24 

Just as rises in gasoline prices give public transportation a 
boost, they take their toll on highway usage. In November of 
1979, the U.S. Secretary of Transportation, Neil Goldschmidt, 
cancelled a stretch of interstate highway planned for the state 
of Ohio.^5 For the first time, plans to build a highway were 
abandoned because of the projected lack of fuel. Early pro- 
nouncements by the Reagan administration indicate that the 
, remaining segments of the U.S. interstate highway system may 
not be completed because of the high cost of construction.^.^ 
As longstanding transportation trends are reversed, the great 
risk to both consumers and governments is*that of over-invest- 
• ment. The individual who buys a new car with a typical life 
expectancy of 10 to 13 years makes certain assumptions about 
the long-term availability and price of fuel — assumptions that 
may no longer be warranted. Similarly, public policymakers 
who invest public money in highway construction risk over- 
investment and the waste of scarce capital 
Where national and local governments plan wisely, making 
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a deliberate effort to shift to more fuel-efficient transportation j 
it may be possible to incr case__p.crsoi!aLniobility_andJQwet 
" ^ssenger and freight transport costs, even as liquid fuel sup- 
plies shrink. And where leadeiship and planning is inept, the 
converse is likely to be true. 

The Resurgence of Agriculture 

As efforts to create a sustainable society gain momentum, agri- 
culture seems destined to play a far more central economic role, 
one that derives from its additional role as energy producer. 
The several-fold rise in oil prices is certain to translate into 
higher food prices over the longer term. Higher oil prices mean 
higher food-production costs. But, more important, since 
grains, root crops, sugarcane, and oilseeds can be converted 
into liquid fuel, the minimum market value of agricultural 
commodities will become their oil-equivalent value less the cost 
of converting Ihem to fuel. As the installed capacity to convert 
food or feed commodities to fuel expands; the oil-equivalent 
value, of the commodities will eventually l)econie the floor 
price. In effect, the distinction between the agricultural and 
the energy sectors will fade as the price of oil begins to set the 
price of food. 

More broadly, land once valued solely for its food-produc- 
tion capacity will acquire additional value because of its energy- 
collection potential. In some cases, the land used for energy 
collection may be poorly suited to agriculture anyway, but in 
others energy crops may displace food crops. Addressing this 
point, agronomist R. Neil Sampson observes that "seldom has 
such a totally new set of competitive forces been unleashed on 
the land as those that appear on the horizon in the declining 
decades of the petroleum era. As America and the world search 
for new sources of industrial materials and fuels to replace 
increasmgly expensive, scarce, or unreliable sources of the past, 
the major focus of attention has turned to agriculture."^'^ 
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This competition, in turn, promises to alter the relationship 

tmLagd^ultiiKLand^th^j^^ 



.culture more favorable terms of trade with industry than it had 
in the petroleum era. In addition, land use will intensify and 
land will become more valuable, while relatively more jobs will 
be created in the countryside and fcv;er in the city. For mil- 
lennia, agriculture has been a source of food, feed, and fiber — 
the demand for which will continue to expand along with 
population growth and rising incomes — but now agriculture is 
being called upon to produce more and more of the world's 
energy and industrial raw materials as well. For example, under 
the 10-year energy plan launched in the Philippines in 1979, 
energy-related activities will require nearly 3.5 million hectares 
of land, 440,cxx) of which will be in agricultural zones. ^8 

As these trends take hold and as the natural forests shrink, 
fanners will turn more and more to agro-forestry, the simulta- 
neous production of crops and trees. They will commercially 
produce trees for fiiel, lumber, and even forage and industrial 
raw materials. In this production shift, chances are that farmers 
will plant trees on land that is least well suited for row crop- 
ping, either because it is Too steeply sloping, too arid, or not 
fertile enough. With the proper selection of species and appro- 
priate management, such efforts can increase food and energy 
production without intensifying the competition between the 
two. \ 

Besides producing energy crops for liquid fuels and trees for 
fuel wood, farmers will be supplying more of the world's natural 
gas, largely from livestock waste. While encfgy is not yet ex- 
tracted from feedlot waste on a wide scale, n^ore and more of 
the world's large feedlots are likely to follow ^^he example set 
by the ioo,ooohead operation in Oklahoma that converts all 
its waste into methane.^^ ' \ 

As the market for agricultural products broadens and ex- 
l)ands, cities stand to lose some of the traditional competitive 
advantage conferred by their control of advanced technology 
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and capital, much as the industrial countries with similar ad- 
Aanl^gesJia\XLlost^rQun.djD_UieiJLdcalings„\vjth_preziiidus^ 
oil exporting countries. Increasingly, the countryside will amass 
its own bargaining power. Third World countries in particular 
face a shift in rural-urban terms of trade that will favor the 
cities less than at present Since World War II, many Third 
World governments have used export earnings to import cheap^ 
energy and cheap food for their cities. But with these cheap 
imports no longer available, clearly cities will increasingly have 
to turn to the rural economies of their own countries. 

If a sustainable society is to be created in the post-petroleum 
era, land everywhere will have to be used much more inten- 
sively and carefully. The need to extract the utmost from land 
represents the basis of a potentially productiv e field of research, 
if not a new science. Particularly in view of the need to re- 
examine agricultural employment opportunities in a labor-sur- 
plus economy, agricultural practices that both provide work 
and make cultivation sustainable must be developed. 

New techniques for Uianaging land more intensively by 
using more labor are beginning to emerge, principally in Asia 
In the Philippines, for example, a new rice-production system 
is evolving in areas that have the year-round water supplies 
needed for continuous production. "^^ A farmer with, Say, four 
acres of land divides it into small plots in such a manner that 
it is all in rice continuously except during the few days between 
harvest and replanting. Each^ week another plot is harvested 
and replanted as part of a continuotis process With such 
intensive rotation, the workload is distributed evenly through- 
out the year. L^abor is used with maximum efficiency and the 
land yields three or four crops of rice per year. 

Even in temperate zones, the potential for more intensive 
cropping deserves a close look. In the Umted States, for exam- 
ple, U.S. Government programs to limit production have until 
recently encouraged farmers to idle cropland, but with agriciil 
tural land now becoming scarce, the need to use it more inten- 
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sively could lead to some fundamental shifts in cropping pat- 
terns. For example, one way of raising the overall output of 
land would be to double-crop the land with a winter food grain 
(such as wheat) and a summer energy crop (such as sweet 
sorghum) or feed crop (such as soybeans). Keeping the land 
covered with a crop for most of the year would both increase 
the amount of sunlight converted into biochemical energy and 
reduce soil erosion The dual use of land to produce both food 
and energy may become conmionplace in the post-petroleum 
world. In the U S. western plains, for example, land could be 
used both for livestock grazing ^ikI for wind farms. Land that 
would provide wind-generated elechicity for Denver, for exam- 
ple, .could also produce beef. Similarly, land inundated for 
fiydroelectric generation could also be used for intensive fish 
farming Forested mountain passes could be used both to pro- 
duce timber and to capture wind for electrical generation. 

In a society sustained by renewable resources, agriculture 
and agroforestry will play far more prominei^t roles than they 
do today As the pressures to intensify land U^e and to create 
more jobs begin to multiply, so too will the pressures for land 
reform Only by breaking up large holdings into st^iall ones on 
which family labor can be applied intensively uill it he possible 
to satisfy the many claims on agriculture, including t^hat for 
jobs. 

\ 

New Industries, New fobs \ 

Designing an energy efficient economy, shifting to renewable 
energy sources, arresting the deterioration of the eartli's crop- 
land, and stabilizing the basic biological systems will perforce 
alter the structure of tjie global economy. New industries will 
emerge even as old ones fade. The composition of the labor 
force will change Numerous new skills will be needed, while 
many existing skills will become obsolete. 

Initial attention'in this economic restructuring has focused 
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on the casualties — the beleaguered automobile inclustr> and, in 
. partieular, on unemployed assembly-line workers Yet^ some 
employment changes will be for the better For example, as oil 
becomes too costly to use to heat water, a wholly new, labor- 
intensive industry engaged in the manufacture and installation 
of rooftop solar collectors is springing up At the same time, 
rekindled interest in railroads is certain to create a boom mar- 
ket for railroad cars and for new locomotives In the sustainable 
society equivalent of beating swords into plow shares, the 
Montreal-based Bombardier Corporation is shifting manufac- 
turing capacity from snowmobiles, which arc "energy consum- 
ing recreational vehicles, to subway and trolley cars, which are 
energy efficient transportation vehicles.^' 

Already, the demand for buses and bicycles is climbing al- 
most as rapidly as the price of oil. In West Germany and the 
United States, bicycles outsold automobiles in the late seven- 
ties, and in 1980, they outsold automobiles in the oil-surplus 
United Kingdom for the first time in at least 20 years.^^ 

As the potential for modern technology to harness wind 
power for electrical generation becomes more widely ap- 
preciated, another new industry will appear. Some analysts see 
a $10 billion-a-ycar industry, one that would rival the current 
U.S. aircraft industry in size, coming into its own by 1990^^ 
AuiOng the U.S. companies that are already investing heavily 
in the research and development of wind generators are Ben- 
dix, Boeing, General Electric, Hamilton Standard, Lockheed, 
Alcoa, and Westinghouse. As distilleries begin to produce 
fuel-grade alcohol along with alcoholic beverages during the 
eighties, the number of distilleries is likel> to multiply several 
fold, in some situations replacing refineries as the principal 
source of liquid fuels. 

As forests increase in importance as a source of fuel, lumber, 
and raw materials for industry, and as agroforestry expands 
throughout the world, the demand for trained foresters will 
soar. Those wlio will find employment in this new industry will 
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range from university-trained professionals to villagers who 
havc-been-givcn-no more-than-a- six-wcck-eourse in^-village- 
woodlot management. Others will have specialized training in 
selective cutting to maximize long-term forest yields. 

In industrial countries with underutilized forests, climbing 
fuel prices will also stimulate forest industries and employment. 
In the United States, for example, a burgeoning fuelwood 
industry has begun to emerge. Closely associated with the 
emergence of the market for wood as a primary fuel is the 
growth in't^e market for wood stoves, wood furnaces, and 
wood-fired industrial boilers. 

In a few countries, the business potential inherent in the 
transition to a solar-based society is drawing the attention it 
deserves. In West Germany, the German Association for Solar 
Energy — a consortium of companies in electrical engineering, 
air and space heating, air conditioning, and energy supplies — 
estimates that domestic and export sales of solar equipment 
combined could add up to a $62.5 billion market by 1990.''* 

The potential for the materials recycling industry grows with 
each increase in the price of oil. As recycled metal, glass, and 
paper become the primary source of materials in key industrial 
sectors, replacing virgin resources, the industry is certain to 
grow rapidly. Eventually, as materials recycling approaches 100 
percent, the recycling industry will become a major sector in 
its^ own right. Numerous studies show that using recycled 
materials requires less energy and less capital, but creates more 
jobs than does the use of virgin materials. In a sustainable 
society, where planned obsolescence itself becomes obsolete, 
the ratio of employment in repair relative to that in the produc- 
tion of goods will increase. 

As the transition to a sustainable society gains momentum, 
entirely new professions and vocations \vill emerge as new 
industries form. (See Table 10-3.) Within the energy sector, 
effofisloiiafhcss the enormous energy potenfiarof'thc wind^ 
for example, will create a need for thousands of wind prospec- 
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Tabic 10-3. A Sampling oi Nzw and/or Expanded Employment in a 
Sustainable Society ^ 

A Princeton University study estimates that 
200,000 are needed in the United States over 
the next few years to identify the. profitable 
coH^erv'ation potential in existing housing stock. 

Given the enormous potential for harnessing 
wind power, wind prospectors may become the 
sustainable-society equivalent of petroleum 
geologists in the petroleum culture. 
Will be in demand as agriculture becomes a 
source of fuel as well as food and feed. 
Needed to plan and direct reforestation 
(primarily in the Third World), to serve as 
agro forestr)' advisors, and tp manage forests'fo 
achieve maxnnum sustainable yields. 

Scale of need for the design of energy-efficient 
building is such that many practicing architects 
will require retraining 

An estimated 200,000 trained in China during 
late seventies to operate methane digesters. 
Needed to ensure that family planning services 
are available to that one-half of the world's 
couples currently denied them 

Source \V ridwatcli histitute 

tors to evaluate local wind power potential and to selectgcnera- 
ting sites— much as petroleum geologists guided us to new 
energy sources during the petroleum era. Also needed will be 
biogas technicians and engineers to supervise the construction 
and operation of methane generators. China already has some 
200,000 trained biogas technicians, though it needs many more" 
if it is to reaclnts goal of having 70 million methane generators 
operating by 1985,^^ 

As agriculture comes to produce fuel along with food, feed, 
and fiber, the need for skilled agronomists to raise further the 
productivity of land will expand accordingly /^resting the 
excessive erosion of soil from croplands will require a worldwide 
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cadre of agronomists trained in soil conservation. So too, the 
production of energy crops w ill req uire, a new breed of agro- 
nqniic specialists to advise on the production of these crops arid 
their conversion into usable forms of energy. 

In northern industrial countries, the need for energy audi- 
tors to improve the energy efficiency of buildings is increasing 
ajong with the price of energy. Energy analysts Robert Wil- 
^liams and Marc Ross estimate that the United States alone 
could profitably employ zq^poo energy auditors, or "house 
doctors/' to audit the national housing and commercial buiid- 
ing stock over the next several years.^^ Indeed, standards are 
now being set by the U.S. Government for the certification of 
qualified energy auditors. Worldwide, rising energy costs will 
generate jobs for hundreds of thousands of energy auditors. 

If world population is to be stabilized, the world demand for 
family planning workers will also escalate accordingly. In some 
cases, high-level medical *and administrative skills will be 
needed. But most of the work can be donp by paramedics or 
by village midwivcs whose traditional delivery skills have been 
supplemented with training in family planning. 

As architecture is r(3volutioni2ed in the transition to a sus- 
tainable society, the deniiand for energy architects will outstrip 
the available supply. To meet the demand for both energy- 
efficiency and solar design, practicing architects will require 
retraining since solar design skills will be needed before a new 
generation of architects comes into the field. 

As pressures on the earth's land resources intensify, the 
market for land-use planners will increase accordingly. In a 
world economy depending heavily on^qlar enejrgy, skills in 
^ raising the efficiency of land-use patterns will hold the \cy to 
maximizing energy availability. Numerous studies show that 
the sustainable society will be labor-intensive, particularly with 
respect to energy production. Tlie Philippine Government's 
ten-year energy plan that is centered on a^hift from oil to 
renewable energy 'is expected to employ some 441,000 people 
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in the construction of energy facilities and some 30,cx>o in their 
operation.'^'' In the United States, a detailed comparison of two 
alternative energy strategies for Nassau and Suffolk counties in 
eastern Long Island concluded that ''an energy conservation/ 
solar energy strategy would create about 2 2 times as much 
employment within the Nassau/Suffolk region as would the 
proposed )amesport nuclear power plant, per million dollars of 
expenditure and per unit of electricity supplied. 

Although the transition to a sustainable society has scarcely 
begun, it is already beginning to claim casualties as well as to 
generate employment. For instance, those companies that an- 
ticipated the demand for well-engineered, fuel-efficient cars are 
flourishing while those that did not are paying a high price In 
fact, niisjudgments in the U S auto industry have forced it to 
forfeit world leadership to Japanese automakers In the eco- 
nomic transformation now begini.^ng, those governments and 
corporations that can anticipate the changes will fare well 
economically but those that insist on cHnging to the past risk 
becoming part of it. 

The Future of. Urbanization 

United Nations projections show urbanization trends continu- 
ing unabated over the remainder .of this century Twenty-five 
percent urban in 1950 and 41 percent urban in 1980, the world 
is expected to be over half urban by the year 2CXX) Even 
though widely accepted and frequently cited, these projected 
trends may not materialize 

The premise that urbanization trends will continue unal- 
tered until most of the world's population is concentrated in 
huge urban agglomerations rests on the assumption that food 
surpluses produced in the surrounding countryside or imported 
from abroad can sustain urban cv -mansion, that energy will be 
available to underwrite the higher energy costs of urban living, 
and that ever mure peoj^le can find pioductive employment in 
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the cities There is now reason to doubt whether any of these 
assumptions will hold. 

For each person who moves fron the countryside to the city 
there must be a corresponding surplus of food produced in a 
rural area somewhere in the world. From the first urban settle- 
ments several thousand years ago until the middle of this cen- 
tury cities were sustained largely, if not entirely, by the food 
produced in the surrounding countryside. Since then, mSte- 
and mbre cities have come to depend on food produced in the 
North American countryside Accelerating urbanization since 
mid-centur\ has been closely paralleled b> the vast growth in 
grain shipments from North America — from 14 million tons in 
1950 to 131 million tons in 1980***^ As of 1980 most of the 
world's cities— from Leningrad to Lagos, Mexico tlity to Bom- 
bay, Cairo to Tokyo — depend on North American grain ship- 
ments for at least part of their food supplies. Yet, doubt grows 
as to whether the recent growth m North American gram 
exports can be sustained much longer. 

Each person who moves from the countryside to the city 
raises energy requirements for food m two wa>s First, as the 
urban population increases, each person remaining m agricul- 
ture *nust produce an ever larger surplus, which in turn in\an- 
jibly'Tcqitircs the substitution of energy for labor. At the same 
time, more energy is needed to process the food and to trans- 
port it to urban areas. 

Urbanization also increases the amount of energy needed to 
dispose of waste In the \illage, organic uastes are cm asset that 
can readily be returned to the soil as fertilizer. Recycling these 
nutrients lessens the energy needed for synthesizing atmo- 
sp}ieric nitrogen and for mining and processing phosphate and 
potash In smaller communities where recycling is possible, the 
energy efFiciency of the food system is thus fdr greater than in 
large cities, where such recycling of waste is much less efficient 

Apart from the amount of energy that urhcmizalion requires, 
it requires energy in certain forms, most of them relatively 
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expensive and hard to obtain In a solar culture, energy soyrces 
arc.niore uidel) dispersed and less transportable Third World 
cities of fi\e, ten, or fifteen million people can cook with 
kerosene, but suppl>ing such large .agglomerations with fire- 
wood IS virtuall) impossible, X'illagers can cook with firewood 
from village plantations, but collecting and sending firewoocl to 
large cities can be a logistical nightmare. 

As with energ\ and food, jobs ma\ be harder, to come by in 
large cities. Crea^ng a job in urban indiistr> requires far more 
capital than putting someone to work in agriculture does In 
additio.u establishing \illage firewood plantations, growing en 
erg> crops, and undertaking other activities called for in the 
shift to renewable eiiergv resources will create jobs in the 
countryside, not in the city For example, because sugarcane 
distillefies must be located within rougliK five kilometers^ of 
their feedstocks, the new 'forms of industrial employment the) 
ofFcr will be in the cc^untryside. 

Unchecked, the flow of people from the countrvside to the 
cit) will precipitate food and eiiergv shortages and add to 
uneniplovnieiit In vicvv of this fact, the pro-urban biases im- 
plicit in much bfllcjal policv deseive attention The two sets of 
.f(^es now propelling \irbani/<ition— the .push forces that un- 
dermine the lot of peasants in the countiyside, and the pull 
.forces attracting inignints to the city— lia\c often been rein- 
forced by government policy ^ 

National food-price policies, for example, that rely on ceiling 
'prices \o keep food costs down for city dwellers end up dis- 
cburaging domestic foo'd production Ultimately, such urban- 
oriented policies both depress employment in the countryside 
and increase the need to import food— a double burden many 
Third W orld countries now bear. Public investment policies 
heavily biased toward urban welfare also aggravate both the 
push and the pull forces in most developing countries Com- 
monly, countries with 70 percent of their populations in rural 
areas will allocate only 20 percent of their, public sector invest- 
ment to the countryside As Professor Michael Lipton of the 
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University of Sussex lias noted, "Tlie rural sector contains most 
of the pa^'crty and most of the low -cost sources of potential 
advapcA^ but the urban sector contains most of the articulate- 
ness, organization, and power So the urban classes have been 
able to Svin'^most of the rounds of the struggle with the 
countr>-sidc»'i)ut in so doing they have made the development 
process needlessly slow and uiifair/***^ 

The resource availabilities and economic trends that stimu- 
lated the massive movement from the countryside to the cities 
over the past quarter century arc now changing. Tliest changes 
may help convince governments that the time has come to 
abandon their urban bias Among other facets of the changes 
underway, the energy transition will inevitably affect human 
settlements, favoring the development of relatively smaller, 
more widely dispersed communities, rather than the continued 
amassing uf people in large megalopolises In short, the opti 
mum si/e of human settlements is likely to be far smaller in a 
sustainable societv. 

Simpler .Life-styles among the Affluent 

As the transition to a sustainable society progresses, the rich are 
simplifying their lifestyles either because ecoiioiinc forces 
leave them no choice or because materialism has lost some of 
its appeal. The rise in oil prices since 1973 precipitated a 
massive transfer of wealth from affluent industrial countries to 
the preindnstrial societies that -rxport oil. Oil-importing prein- 
dustrial societies have been dealt a severe economic blow, but 
in absolute terms the massive shifts in wealth have been away 
from the affluent industrial societies. Paying for Ingh-priced oil 
to maintain their life styles is draining even the most affluent 
oil-importing countries of their wealth. Oil price increases dur- 
ing 1979 alone increased the U S oil import bill by $40 billion, 
or rouglTly 2 percent of the gross national product.**"^ As econo- 
mist Lester Thurow points out, *Mf the members of OPFC get 
an extra 2 percent of our CNF, then there is 2 percent less to 
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be divided among Americans. Someone's income and spending 
lias to go down/***** The international redistribution of wealth 
generated by the oil price rise may be only the beginning 

As oil prices continue to rise, and to drive the transition to 
a post-petroleum world, changes in Hfe-styles will increasingly 
come to reflect more than transfers of capital In a petroleum- 
based economy, energy consumption per person is usually de- 
termined largely by purchasing power. But in a solar-based 
economy, energy consumption per person will be determined 
by such factors as solar intensity, population/land ratios, and 
the availability of the technological know-how and investment 
capital needed to develop local renewable energy resources 

Early indications of this international leveling effect can be 
seen in the shrinking size of U.S. automobiles. Of all the 
symbols of American affluence and conspicuous consumption, 
perhaps none is stronger— or more outdated— than the over- 
si/.ed American automobile with its seemingly insatiable thirst 
for gasoline. As Americans turn to smaller, more fuel-efficient 
cars aiid to public transportation, gasoline cqnsumption trends 
have been reversed. Driving a small car has become as fashion- 
able as it, is practical Between 1950 and 1978, gasoline coii- 
suniption per person in the United States climbed steSaiTy, 
^^jisiiigfrom 274 gallons to 521 gallons Since 1978, however, it 
has fallen sharply. 1980 gasoline consumption per Amcricali is 
estimated at 449 gallons, 14 percent less than the 1978 peak 
(See Figure 1 0-1.) If this decline continues, as is likely, energy- 
importing Third \\ orld countries will be among the principal 
beneficiaries of this lessened pressure on resources, ^ 

Yet another transportation trend that portends simpler life- 
styles among the affluent is the jresurgencc of the' bicycle 
AV'hile bicycles are widely used in the Third World countries, 
' particularly in Asia, they had virtually disappeared as a means 
of transport in industrial countries by 1970 In recent years, 
however, as the price of gasoline has climbed, they have stpged 
a strong comeback in North America, Western Europe, and 
Japan. By some estimates the number of bicycle coninuiters in 
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Figure 10-1. U.S. Gasoline Consumption Per Capita, 1950-*80 

the United States may have more than doubled since 1975, 
when U.S. Bureau of Census figures showed nearly half a 
milh'on people riding to factory and office by bicycle every 
day.'^^ Ort the eve of the transit workers' strike in New York 
City during the spring of 1980, Mayor Koch encouraged New 
Yorkers to commute by bicycle, saying, "We'd like to see New 
York look like Peking in the morning.^^ All indications are that 
the share of miles travelled by bicycle is gaining steadily in 
Western industrial societies. 

Another harbinger of life-style change is the recent upsurge 
ii^i^^ood futi use in affluent countries. After a century-long 
decline in the use of wood as fuel in the northern tier of 
industrial countries, millions of fam'ilies have recently returned 
to wood as a source of fuel.'^'^ In heavily wooded areas of the 
affluent north, industries too are turning to wood as a fuel, ' 
jnucbas Brazilian, Tliai, or^Ugandan firms already have. Fur- 
t\^CT larger increases appear to be in store. 

In diets, too, the trend among the affluent is toward simpHc- 



2S0 



274: * Building a Sustainable Society 

J-' 

ity. Even though the heavy consumption of grain-fed steak, h"ke 
that of gasoline, ha^ long symbolized American affluence, beef 
consumption per person in the United States declined from 
128 pounds in 1976 to 10; pounds in 1980, a fall of some 18 
percent. (Sec Figure 10-2 ) While U.S. beef consumption per 
person ma) fluctuate somewhat, it will likely continue to de- 
cline over the longer term. 

Ironically, declines in consumption of some items among the 
affluent often correlate with improvements in the quality of 
life. The reduced consumption of fat-rich beef, for example, is 
in part the result of individual efforts to reduce cholesterol 
intake and the risk of heart disease Similarly, supplementing 
automobile drivjng with bicycling is often as much a^matter of 
exercise as economy. 

Whether motivated by sclf-ifitcrest or not, consumption 
cutbacks by the affluent can also contribute to the welfare of 
the neediest. In .the case of food consumption, efforts to reduce 

Pounds 
140- 



120- 



100- 



80- 



60-V / Sotinc USD \ 



T r 



1950 I960 1970 1980 

Figure 10-2. U.S. Beef Consumption Per Capita, 1950-80 
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the adverse effects of pverconsumption— reduced life expec- 
tancy, increased susceptibility to illness, and reduced produc- 
tivity — can free up resources to increase consumption aijiong 
the undernourished, many of whom suffer the s^Tsympt'oms. 

As recycling technologies are perfected and programs devel- 
oped, raw material consumption per person in affluent societies 
with slowly growing or stable population is also likely to de- 
cline. In a mature industrial economy that recycles materials 
invested in its capital stock, the consumption of virgin materi- 
als could actually fall below that in a developing country that 
is still accumulating its basic capital stock. ^ 

Yet anotjber facet of life-styles likely to become much more 
similar among classes and nations is family size. While families 
are not likely to get much smaller in industrial countries where 
fertility levels are already below replacements levels, families in 
many Third World countries almost certainly will. Indeed, the 
average family size in Singapore and Hong Kong is now essen- 
^ tially the same as in Wes^tern Europe/^ After several years of 
rapidly falling fertility in China, families there are now little 
larger than in the United States. 

Clearly, the trend toward ever greater consumption on the 
part of the rich is weakening in some quarters and life-styles 
are beginning to converge in some respects. In a world where 
the production of energy, food, and other key commodities is 
no Ipriger expanding rapidly, people in the low-income coun- 
, tries will be able to consume more only if the world's affluent 
reduce their claims by using resources more efficiently. Indeed, 
as long as the production of key commodities is being outpaced 
by population growth, the poor can consume more only if the 
rich consume less. ' 



Third World Reinforcement 

Until a decade ago, the conventional wisdom in international 
development held that the faster the industrial countries grew. 
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the better the growth prospects for^the developing countries 
would be. Faster growth in the industrial countries was be- 
lieved to create more markets for the raw materials and the 
products of light industry in the Third World. Maintaining 
robust economic grovv^th was thought to be the industrial coun- 
tries* most important contribution to Third World develop- 
ment. 

While this "trickle down" model of international develop- 
ment was plausible when Resources were abundant, it is obvi- 
ously inappropriate when they are scarce 1 f industrial countries 
were to continue to expand rapidly their already voracious 
consumption of energy and raw materials, it could deprive the 
* Third World of the resources for development. If, as the tradi- 
tional model of development holds, developing countries are 
closely hed to the iiidusfriaj economics, poor countries cannot 
make economic h'eadway unless the rich ones do With slower 
growth in prospect for the industrial societies, developing- 
country dependence is thus ultimately an economic dead end 
Faced with this clearly untenable situation, developing 
countries would seem to have little choice but to decouple their 
economies gradually from those of the industrial countries and 
to concentrate instead on expanding their trade and invest- 
ment ties with each other. Indeed, the reasons for expanding 
economic ties among Third World countries are becoming 
stronger— in part because tliey possess most of the world's 
exportable surplus of oil and in part because some (including 
India, Brazil, South Korea, Taiwan, the Ivory Coast, Mexico, 
and Venezuela) novV have well-developed industrial sectors An 
example of such a profitable relationship would be one between 
energy-rich Nigeria and heavily industrialized Brazil— the most 
populous countries on their respective continents Similarly, 
India (which is trying to establish new industries) has needs 
complementary to those of the capital-rich oil-exporting coun- 
tries around the Persian Gulf (including Iran, Kuwait, and 
Saudi Arabia). Among the Andean Pact countries, V'enezuela 
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is in a position to provide both industrial leadership and invest- 
ment capital to the other. members. 

In light of these new developments, much of the rhetoric of 
Third World proponents of the New International Economic 
Order is curiously out of date. Since economic growth in the 
industrial countries is becoming progressively slower, efforts by 
TluVd World countries to reinforce each other's growth would 
be more effective than depending on stagnating industrial- 
country markets. 

In strengthening trade and investment ties with each other. 
Third World countries often have one advantage over indus- 
trial countries: industrial goods designed for internal use in one 
Third World country are more relevant to the needs of other 
Third World countries than most products designed for use in 
industrial countries. For example, two-whee "walk-behind" 
^ power tillers made in Taiwan are far more appropriate for 
* export to other Third World rice-producing countries than are 
the huge tractors commonly used in North America and the 
Soviet Union. 

By the same token, rugged, durable buses of the sort needed 
for unpaved country roads and manufactured in, say, India 
would have an edge in Third World markets over those manu- 
factured in an advanced industrial society. When Tata, an 
Indian manufacturer, won a contract for the sale of 200 buses 
to Ghana in competition with British arid German interests in 
1980, the precedent rcprsentcd more than the triumph of 
Indian technology. As India's High Commissioner in Ghana, 
P. Alan Nazareth, observed, the deal brought to the fore ''the 
' practical benefits of economic collaboration among developing 
countries. "•♦'^ Similar opportunities for Third World lateral 
trade exist in the manufacture and sale of railroad passenger 
cars, freigijt cars, locomotives, motori/cd rickshas (India), bro- 
mass-conversion technologies (Brazil), methane digesters and 
small hydropowered electrical generators (China), and flat- 
plate solar collectors (Hong Kong)i> 
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Services and technical assistance could also be exchanged 
bilaterally and profitably among Third World countries to a 
much greater extent than they arc now South Korea's exciting 
achie\enients in coninuinity forestry, for instance, deserve to 
'be shared with otlier countries. Within the field of family 
planning, Colombia and Indonesia could share with other de- 
veloping countries the organizing techniques used in their 
highly successful birth reduction programs Taiwan, producing 
almost two crops per acre per year, leads the world in land-use 
intensity and could profitably exchange its know-how with 
other nations. When these opportunities for Third World 
cooperation and reinforcement in industrial de\elopment, agri- 
culture, famil> planning, and de\ eloping renewable energy re- 
sources are viewed against the backdrop of the vast capital 
surpluses now accumulating in several Third World countries, 
the cincrgmg potential for Third World economic reinforce- 
ment is clear. 

Greater Local Self- Reliance 

From the unset of the Industrial Revolution and the time fossil 
fuels were first put to use, economic interdependence among 
countries has been deepening, liad) on, differences in the rales 
uf industrial develupiiieiit among countries set tlic stage for the 
profitable exchange of industrial goods for food and raw materi- 
als. Much later, the availability of cheap oil made transporta- 
tion uf goods over long distances relatively easy and affordable, 
further expanding the international trade potential 

Begiiming in the mid-seventies, rising oil prices became an 
engine of growth for world trade as oil-importing countries, 
unable to quickl> cut back on oil use, tried to increase exports 
of other conunodities in order to pa> their oil bills As a result 
, international trade expanded rapidly and the wodd economy 
became extraordinaril> interdependent as the seventies ended 
International economic integration, in turn, left countries and 
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individuals highly^'ulnerable to external economic and political 
forces. 

With the transition to a sustainable society under way, the 
growth in international interdependence may shortly come to 
an end, reversing a trend that began with industrialization. 
With only limited access to cheap and versatile petroleum, 
moving bulky goods over long distances becomes increasingly 
prohibitive. More important, while both coal and oil are highly 
concentrated in a few regions, all countries have renewable 
energy sources in one form or another. Thus, in the solar age 
the amoAant of energy traded among countries will be only a 
fraction of what it was in the petroleum age. While world trade 
in coal has recently turned upward, the 9 percent of output 
crossing national borders is not likely to even remotely ap.- 
proach the 54 percent share of oil that enters international 
trade. 51 

Even as international trade patterns come to reflect declines 
in the amount of oil available for export, importing countries 
will of necessity turn inward to develop their indigenous energy 
resources. Developing comprehensive materials-recycling pro- 
grams, for exaniple, will enable mature industrial economies 
with stable populations to live largely off the indigenous raw 
materials embodied in their capital stock, thus reducing the 
need for imported virgin raw materials to a low level. 

In a post-petroleum world dependent largely on renewable 
energy sources, industry will be located near new energy 
sources. Countries and localities generously endowed with en- 
ergy—either hydropower, geothermal energy, wind power, or 
perhaps energy crops— will undoubtedly have a competitive 
advantage in attracting industrial investment and sustaining 
industrial activity. Moreover, in this world, economic self-suffi- 
ciency is likely to be greater at all levels— the family and the 
community as well as the nation— since many of the forces that 
prompt countries to reduce their dependence on external sup- 
plies of food, energy, raw matciials, and even manufactured 
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goods will also work .their will on communities and individuals 
Indeed, public and personal efforts to reduce" consumption, 
especially of imports, will reinforce each other. For instance, 
national policies aimed at minimizing food or energy imports 
serve the same end as local efforts to increase food or energy 
production. By the same logic, by helping reduce demand jfor 
oil, bicycle comnuiters and transit riders are doing their part 
to immunize their country against disruptions in the interna- 
, tional flow of oil. 

N^orc generally, the decline of oil as an internationally 
traded commodity could indirectly trigger other actions that 
wiil reduce international economic interdependence For ex- 
ample, as exportable oil supplies dwindle, food-exporting coun- 
tries will bo tempted to coi)vert t^ieir exportable surpluses of 
. grain, sugar, and other foodstuffs iixto automotive fuel If they 
do, exportable food supplies will dimjijish, forcing food-import- 
ing countries to increase their fooci- self-sufficiency. Thus a 
decline in international trade in oil could trigger a comparable 
decline in international trade in food. In turn, absolute declines 
in international trade in these two commodities would 
'markedly reduce Qverall international trade and economic in- 
terdependence. 

- By definition, a su,stainablfc s^ociety is likely to be more self- 
jeliant and less vulnerable to external forces In some ways, a 
new autonomy for. nations is inevitable since the complexities 
of managing growing interdependence have often proven too 
much for existing international institutions to handle. In other 
respects, self-reliance will come about as a result of careful 
planning and hard work on the part of governments and in- 
dividuals working toward the same ends— against inflation and 
for security of supply. 

From Growth to Subtaimbilit}' 

For governments, engineering the transition to a sustainable 
society may become an all-absorhmg activity, one that will 
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eclipse^owtlLas the focus of economic policy making. As the 
eighties begin, tKerc^is already in evidence a subtle but unmis- 
takable shift in investment away from that designed to achieve 
.growth and toward that designed to cn^rc^ustainability. This 
shi|ptakes many forms, but investments in various renewable 
energy sources and in energy conservation as replacements for 
oil or natural gas and, to a lesser degree, coal arc among the 
most numerous. Occasionally, renewable sources will supple- 
nient nonrenewable ones, but for the most part they will substi- 
tute for them, helping more to sustain than to expand the 
economy. Although the switch tn energy sources may not ex- 
pand energy output, the investment in new equipment used in 
the conversions will boost GI^JP in the short run. 

Electric utilities are already investing heavily in converting 
existing generating capacity from oii to coal, geothermal 
power, hydropower (large-scale or small-scale), wind power, 
and in a handful of countries, wood-fired capacity. Substantial 
though such investments are, most are aimed not a\ increasing 
generating capacity, but at ensuring that the utility will con- 
tinue to generate electricity, as oil supplies dwindle. Likewise, 
in those countries shifting to the use of alcohol fuels, the large 
investment in fuel-grade distilleries to replace oil refineries \^ill 
not increase Ihe liquid fuel supply. Rather, it will help keep the 
arteries of transportation open as oil supplies dwindle. 

Corporations the world over are invc*sting large sums of 
money to insure that their operations can be sustained. For 
example, the Scott Paper Company, one of the world's largest 
manufacturers of paper products, is coMverting its oil-fired 
plant and electrical generating plant complex in Maine so that 
it can be fueled with wood.^^ This S65-niillion expenditure will 
riot increase the "Scott Paper Company's output of tissues by 
one box. But the company thinks the investment is ;usti»Sccl 
because i^ will insure that output can be sustained when oi'. 's 
no longer available Worldwide, hundreds of other such invest- 
ments arc bcifig made ir the paper and wood-products indus- 
-flv^ 
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In theraluminum industry too, plants are being relocated as 
part of the^hift from fossil fuels to renewable energy sources. 
Producers of aluminum, an extraordinarily energy-intensive 
comrnodit)', are attracted particularly to cheap hydroelectricity 
in remote areas accessible only by water. Prominent among the 
elocation sites are the Bra;|lian Amazon region, Alaska, and 
remote Canadian locations ^such as Goose Bay, Labrador.55 

Perhaps the most dramatic early example of the shift of 
ecpnomic production facilities to the site of renewable energy 
sources is that of the aluminum industry to the Brazilian Ama- 
zon. Brazil plans to exploit the enormous hydroelectric poten- 
tial of the Amazon and its' tributaries for this manufacturing 
process while aluminum firms from the United States, Canada, 
the Netherlands, West Germany, and Japan are also investing 
in -Brazil. As a direct consequence, Brazil's aluminum output 
,has quadrupled in ten y^ars, a pace that appears likely to con- 
tinue as investment plans materialize. 5-* Clearly opting for 
sustainability of aluminum production over^growth in output" 
per se, Japanese firms are closing their domestic fossil-fuel- 
based aluminum facilities as they build new plants in Brazil and 
elsewhere. 5 5 

Within the United States, where the aluminum industry 
depends heavily on fossil fuels, rising prices are making the cost 
of building additional smelters prohibitive. Yet, developing a 
small fraction of the vast Alaskan hydro potential could help 
the U.S. industry maintain its competitive position. While the 
gradual relocation of the international aluminum industry to 
sites where cheaper, renewable power sources are available will 
be v-ustly, this investment is key to the evolution of a sustaina- 
ble economic system since these new plants will be powered by 
an energy source that can, in effect, last forever. 

Similar shifts in investment emphasis are occurring in De-' 
troit. Until recently, new investment in the automobile indus- 
try was largely in new plants for expanded output. Now, how- 
ever, the automobile manufacturers are committing vast sums 
of investment capital to the design and production of more 
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fuel-efficfent automobiles. The associated retooling invest- 
ments, the largest in the industry's history, are not intended to 
expand automobile production capacity, bjjt rather to help 
insure thit automobile-centered transport systems will become 
efficient enouglj to survive as liquid fuels become scarce. 

One pf the earliest industrial investments in sustainability 
was in pollution-control mechanisms. Beginning in the early 
seventies, the share of new investments going to pollution 
control, as opposed to production expansion, increased steadily. 
Billions of dollars were committed to minimizing the destruc- 
tive effects of pollution on both the biological life support 
systems and on human health. The tens of billions of dollars 
invested to reduce the flow of pollutants from factories ill the 
seventies did not increase production of consumer goods from 
these factories one iota. In effect, this was an investment in 
^sustainability. 

In households, investment trends reflect the same philosd- 
phy that industry and governments are adopting. During the 
fifties and sixties, most home-improvement loans in the United 
States were for adding new rooms either for family expansion 
or recreation. In the late seventies, this investment pattern 
began to shift as homeowners invested more in insulation, solar 
retrofitting, and other ''no-growth'' measures in order to re- 
duce their requirements for purchased energy. These invest- 
ments do not increase the capacity of the home, but they will 
help ensure that living in the house is comfortable and afford- 
o able as energy prices climb. 

The shift in emphasis from growth to sustainability is subtle, 
sometimes more subconscious than conscious. But it is 
nonetheless real, affecting not only progress toward a sustain- 
able society but also the rate of economic growth. This belated 
concern with sustainability is now permeating the thinking in 
councils of government, in corporate boardrooms, and that of 
individuals as well. This new attention to sustainability at the 
expense of near-term growth may be the most important, but 
analytically neglected, economic development of recent years. 
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The Means 
of Transition 



T^e transition to a sustainable society will challenge the ca- 
pacity of countries everywhere to change and adapt. Some 
adjustments will occur in response to economic forces, some in 
response to public policy changes, and still others as a resiilt of 
voluntary changes in life-styles. Market forces will also play a 
central role in the adjustment process, but in many situations 
they will be more effective if augmented by public policy. To 
exploit fully the market's role in the transition, political leaders 
will have to learri its strengths and limitations. 

These same leaders will also have to learn how Ketter to 
manipulate tax policy, sometimes using it as an incentive, 
sometimes as a disincentive— sometimes both. Other institu- 
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tionai keys to Jthe shift to a sustainable society are the more 
creative and responsible regulation of economic activity, and 
the reordering, of budgetary and R&D priorities. In all, some 
[X)licy instruments willhave to be sharpened, some retired, and 
some created to fit the changing contours of circumstance and 
social wilK 

Urgency of the Transition 

The scale of the transition to a sustainable society is .matched 
by the urgency with which it must occur if major economic 
disruptions are to be avoided. That urgency notwithstandirig, 
the shift to a sustainable society takes place in two stages. First, 
trends that the environment and the ecqpomy cannot with- 
stand must be arrested; then they must be reversed. For exam- 
ple, the historical growth in dependence on oil has apparently 
tended; it will have been reversed if the fall in consumption 
between 1979 and 1980 continues. By contrast, soil erosion is 
worsening, and its reversal is as yet impossible to foresee. Simi- 
larly, while awareness of deforestation is spreading, concern has 
not yet been translated into sufficient programs and resource 
commitments. 

The urgency of arresting and reversing unsustainable trends 
derives, in :part from the tendency of the negative trends to 
reinforce themselves. For instance, once forests begin to shrink 
under pressure of excessive demand, the process feeds on itself. 
When the sustainable yield threshhold is crossed, ever increas- 
ing claims are made on an ever smaller resource base which 
helps explain why some countries have been largely defbrl*stcd 
within a few generations. The same negative syndrome applies 
to soil erosion, overgrazing, and overfishing. 

Efforts to arrest and reverse ecological and economic deteri- 
oration are proceeding unevenly. Population is a case in point. 
While a few West European countries have already stabilized 
their populations, others have yet to recognize even the need 
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for sloNving population growth, much less stabilizing it. Be- 
tween thde extremes are those countries that have introduced 
ifainily-planning services, and those countries that have 
adopted population stabilization as a goal but have some dis- 
tance to go before achieving it. (See Table ii-i.) 

An examination of the(principal components of the transi- 
tion shows that it fias just begun. With respect to each of its 



Table ii-i. Early and Advanced Stages oi the Transition to a 
1^ Sustainable Society 

Early Stage ' Advanced Stage 



Population Policy 



Energy Consumption 



Land Use 
Agriculture 

Population 
Distribution 



Role of Automobiles^ 



Energy Sources 



Materials Recycling 



Introduction of family 
planning services « 



Focus on saving 
energy 

Cropland preservations 
Produces food, feed, 
and fiber 

Flow froni 
countryside to cities 
slows 

Smaller, more fuel 
efficient automobiles 



Largely fossil fuels 
with limited 
dependence on 
renewable energy 
sources 

Largely voluntary 
piecemeal programs 



Adoption of 
population 
stabilization as'a 
social goal 

Redesign economic 
system to reduce 
energy needed 

Land-use planning 
Produces food, feed, 
fiber, and fuel 
Population 

distribution sTiapcd by 
location of renewable 
energy supplies 
More sophist icatcd 
planning at 
community and 
personal level reduces 
need for automobiles 

Renewable energy 
sources dominate 



Mandatory recycling 
programs 



Source: Worldwjlcli liislitiitc. 
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,facets,,a few countries have reached, the advanced stage but 
i^tmost are^only beginning the process. Basic changes in values 
'usually occur ojrily incrementally, and institutions do not learn 
,'as fast, as individuals. As a result, years often elapse before 

changes in personal values are reflected in public policies and 

programs. 

Role of the Market 

As a transitional force, the market has both strengths and 
weaknesses. One of its strengths is its capacity to allocate 
resources among various uses. In a complex, modern economic 
system, central planners are hard-pressed to allocate resources 
more efficiently or intelligently than the market does. As econ- 
omist Lester Thurow points out, "Economic markets make 
better decisions than tiiose made by the political proces^be- 
cause they economize on. the knowledge needed by any one 
individual to make good decisions."^ Moreover, when market 
.discipline is not imposed on production, waste occurs: re- 
sources .get plowed into products, that no one wants. 

The functioning of a market economy rests heavily on .a 
complex information system, one that tells the producer what 
consumers want. Not only can the market perform this func- 
tion more precisely than a centrally planned economy, but it 
can also do so faster. In a perfectly competitive market econ- 
omy, the failure to satisfy consumer demands shows up im- 
mediately, whereas in a centrally planned economy it may take 
years to adjust to consumer demand. Meanwhile, vast quanti- 
ties of productive capacity and of manufacturing materials go 
to waste. For example, a women's shoe factory in the Soviet 
Union may perform quite satisfactorily according to socialist 
standards, meeting its^production quotas year after year. But 
the shoes can simply pile up in a warehouse if Soviet women 
do not consider them stylish. Such gaps between producers.and 
consumers in the Soviet Union contribute to a continuing 
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inventory of unmarketable goods with a value that has been 
estirnated.at three to four billion rubles.^ 

Yet another strength of the market is its ability to substitute 
one commodity for another as relative abundances and scarci- 
ties shift. Concisely and unambiguously, .prices tell buyers 
.which commodities are scarce and, which .plentiful 

Its mariy "selling points'' notwithstanding, however, an un- 
.regulated market economy functions better in a frontier society 
than it does in one that is pressing against resource limits; 
Where virgin resources are abundant, their use or the condi- 
tions under which they are used need not-be restricted. How- 
ever, when the demands of the economy begin to press against 
the available supplies of )and, minerals, water, and waste- 
absorptive capacity, the market economy needs to be modified 
in the public's interest. 

One problem with the free market is that it is no respecter 
of carrying capacity. Market forces can destroy fisheries, for- 
ests, grasslands, and croplands. The market has no alarm that 
sounds when the carrying capacity of a biological system is 
transgressed. Only when the system collapses and prices soar 
does themarket "know" that anything has gone wrong. By this 
time, of course, the threatened resource may be irfeparab y 
damaged. 

Another weakness of markets is their inability to take into 
account the external costs associated with various economic 
activities. The classic case is industrial air pollution. The pol- 
luted air emerging from the smokestacks of a steel smelter may 
destroy fresh water fisheries or agricultural crops for miles 
around. But what does the producer or the consumer care? The 
costs of pollution are borne by neither. They are paidjnstead 
by those who live on the leeward side of the steel pto. 

In general, modern markets function far less effectively thajni 
economic textbooks suggest. Corporate concentration; in key 
production sectors such as computer, autpmobile, and aero- 
space manufacturing reduces competition. Then too, the ma- 
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nipulation of public tastes and appetites through advertising 
distorts the market in ways that may not serve the public 
interest, and that sorely impede tht transition to a sustainable 
-society. 

Another market pitfall is short-sightedness. In the market, 
day-to-day decision-making takef place with little concern for 
long-term pwspectives. For example, even if existing farming 
practices contribute to excessive soiPftosion and to a gradual 
long-term decline in the soih inherent productivity, mbsures 
to arrest soil erosion will not be sanctioned by the market unless 
they pay off quickly. In a highly competitive market with 
narrow profit margins, adopting soil-conserving practices could 
lead to bankruptcy. In such a situation, only public subsidies 
of the needed conservation practices or regulations r^ui)^irg 
faicmers to adopt practices can serve the long-term public inter- 
est. The market cannot. 

Similarly, the world oil market untilrecently lacked both a 
long-term perspective and any responsiveness to the public 
interest, which is best served by a rate of depletion that allows 
a successful transition to alternative energy sources. From this 
perspective, OPEC was a godsend. For more than 20 years 
prior to the dramatic increase in oil prices ih late 1973, the 
. world's oil consumption had been expanding at some 7 percent 
per year.^ Had the increase continued at this rate, it eventually 
would have culminated in an abrupt, traumatic transition to 
the post'petroleum ela. 

' .Asa general matter, markets serve private not public inter; 
ests. But this is particularly so with respect to land use. In 
American suburban communities where little land-use plan- 
ning or zoning has taken place, unsightly and inefficient urban 
sprawl has resulted. While the land speculators, have profited, 
often handsomely, from this lack of regulation, the community 
at large has been stuck with both an unwieldy system and with 
the higher cos ts^ of providing social services and "^itilities, a 
burden it bears in the form of higher taxes and utility rates. 
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Some market proponents argue that market forces can al- 
ways be counted upon to bring supply and demand^nto bal- 
ance. This point is well taken, but this alleged market ^trencth 
is not an undiluted blessing. The more important question nt^y 
be at what price demand and supply are brought into balance. 
If wheat is in short supply in the world market, the price rises, 
signaling to farmers the need to produce more wheat. At the 
same time,"the rising price shrinks effective demand (that is, 
demand backed up by purchasing power). As the price rises and 
thus trims effective demand, consumption may|be driven 
below subsistence levels. Untrammeled, market forces can lead 
to hunger, eveii famine. 

While most* governmental intervention in the market is in 
the public interest, many ill-conceived interventions have done 
more harm than good. For example, oil-price controls in the 
United States during the seventies prolonged excessive depen- 
dence on oil. Indeed, artificially low oil prices have distorted 
the economic system to such an extent that belated decontrol 
is requiring some painful adjustments. In effect, oil-price con- 
trols encouraged consumption and delayed development of the 
alternatives. 

As worldwide pressures on natural resources and ecosystems 
intensify, the Vesulting^cological and economic stresses are 
likely to lead governments to intervene more in the market- 
place. The worse an economy appears to perfom, the greater 
the pressures to intervene. Here, the risk is that government 
will address the symptoms of the malady rather than the 
causes, thus aggravating the problem. For example, as growing 
demand forces food costs up, governments will be tempted to 
impose food-price controls. But such controls discourage pro- 
duction and further escalate food:price, inflation. Needed in 
this case instead is a gveater commitment to agricultural devel- 
opment and more effective family-planning programs. 

As a transitional force, the market system will no doubt need 
the reins of public policy. Financial incentives and disincen- 
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tivcs, regulatory measures, and shifts in budgetary priorities— 
these and other policy instruments will be needed if the disrup- 
tions associated with the transition are to be minimized. " 

Financial Carrots and' Sticks ^ 

When market adjustments are not fast enough, governments 
can use financial-incentives and disincentives to bring about 
'the needed changes. These include tax deductions, .subsidies, 
outfight grants, low-interest loans and accelerated equipment- 
depreciation schedules. In centrally 'planned economies, they 
may also take, the form of wage increases, performance 
bonuses, and prejerred access to housing, education, or medical 
C3rc* 

Financial incentives and disincentives are now being widely 
employed in the effort' to conserve energy, speed the shift to 
renewable energy resources, arid slow population growth. Tax 
deductions, one of the most widely used financial incentives, 
are being offered- by many national governments to individuals 
and businesses that invest in energy conservation or install solar 
equipment. In the United States, where there are some 38,000 
•tax-levying authorities, many.lopa^overnments are joining 
Washington in offering- tax reli'cf to those who participate 
actively in; the energy transition. For example, Vermont has 
waived property faxes on residential solar installations.** 

Some governments use outright grants to help underwrite 
the cost of tVansition-facilitating investments In the United 
Kingdom, for instance, the government provides'fjo grants to 
all homeowners who insulate their residences. ' Subsidies for 
adopting soil-conservation activities are used in some countries. 
Following the^Dust Bowl era of the.thirties, the U;S. Depart- 
ment of Agriculture made, direct paj'ments to farmers who 
planted winter cover crops, set up windbreaks to reduce soil 
erosion, or took other soil-conservation measures. 

Governments can also usc^'low-interest or interest-free loans 
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to encourage investments in activities that will help create a 
iKtairiable society. In Brazil, which imports nearly all of its oil, 
'^the government is providing low-interest loans for the con- 
struction of distilleries.^ This program is designed to accelerate 
production of alcohol as an automotive fuel and, to a lesser 
degree, as a feedstock for the chemical indSstry. (See Table 

n-2.) ' ' . 

. Those centrally planned,economies that use wage increases 
or bonuses to affect production can help the transition along 
in various ways. They may, for example, give bonuses to factory 
mana'gers who reduce energy use while maintaining production 
or to mansigers of state farms who reduce soil erosion to the 
tolerance level In China, couples with one child who sign a 
pledge not to have any more children receive an immediate 
wage increase of some 1 2 percent^ / 

In societies with a large public sector, giving preferred access 
to housing, education, medical care, anojobs can further social 
objectives. The Government of Singapore, which administers 
much of the new housing in this South Asian city-statcj re- 
wards small fana^Jies with preferred! access, to housing.^ In 
China, if a student is an ojily child and if the student's parents 
sign a pledge not to have any more children, he or she gets 
preferential consideration for admission to the better schools.^ 

On the other side of the tax coin are tax penalties. (See Table 
1 1-3.) In densely populated Nepal, no income tax deductions 
for children are permitted for more than two children. While 
the tax-paying segment of the population is small, this measure 
does nonetheless signal official support for small families. In 
Germany, a stiff tax on gasoline, originally design^ to raise 
revenue, has recenfly been increased to encourage gasoline 
conservation.^^ Singapore^4ias recently enacted steep a^p^ 
registration fees, up to $2,320 per vehicle, to discourage any 
further growth in the automobile fleet. The import tax the 
Kenyan government imposed on automobiles imported for pfi- 
vate use may exceed the cost of the vehicle itself. 
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Tabic 11-2. A Sampling of FiAaivcial Incentives Designed tb Facilitate 
- ^. ' thlf Transition to a Sustainable Society 



Place 



IncentiYc 



Purpose 



California 



\ 



East Gcrn:anV 



^hina 



United Kingdom 



Brazil 



United States 



Finland 



Zero-interest loans . 
from utilities for house 
wcatherization. 

A $100 refundable de- • 
posit on new cars plus a 
$100 premium when 
old car is scrapped\ 
Prices of steel scrap 
doubled and of news- 
papers tripled at recy- 
cling centers. 
Couples with one child 
who sign pledge to 
have no more children 
receive monthly bonus 
until child reaches 14. 
Homeowners eligible 
for grants up to £50 for 
installing irisuhtion. 

Low-interest loans for 
construction of alcohol 
distilleries. 
Nonrefundable »n- 
icome tax credit up 1^ 
\S4,ooo for homeown- 
ers who install solar 
jicating equipment. 
I ,Covernmeiit "grants 
f7and loans' for reniodel- 
*'ing that decreases en- 
ergy- consumption or 
permits the use of do- 
mestic fuels like wood 
and peat. 



To encourage energy 
conscrvatipn and elimi- 
nate need to build new 
power plants. 
To encourage recycling 
and reduce steel im- 
ports. ^ 

To reduce imports of 
energy and raw materi- 
als, 

To encourage smaller 
families and bring pop- 
ulation growth to a 
halt. 

To conserve energy. 



To spur production of 
alcohol for fuel. 

To encourage the use 
of solar healing sys- 
tems. 



To conserve energy, in- 
crease the use of do- 
mestic f '\ resources, 
: and crcaii. new jobs. 



Source- Woxldv^-atcli Institute 
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Tabk 11-3. i\ Sampling of J^'inancial Disincentives Designed td^ 
Facilitate Transition to a Sustainable Society"^ 



Place 



Disincentive 



Purpose/ 



' Wcs.t Germany 

Michigan, Maine, ^ 
' Connecticut, Oregon, 
Jowa, Vcrnion) 

Denmark ^ » 



China 



New York City 



— ~ ^ 

Gasoline tax of'Si.o; 

per gallon. 

Deposit oil glass 
bottles. 



/ / 

To pjbniotc gasoline 
coniidvption; 

.To reduce litter, 



South Korea 



Progressive tax on ^ 
cars increasing with 
price of car. 

No free education or 
medical care for more 
than two children. 

increase in fees on 
toll-access routes t6 
city. 

Gasoline.tax of $175 
per gallon^ 



conserve materials, 

a^id conserve energy, 

I ' *. 
To reduce steel 
imports by 20 to ^5 
■ pcffcent. 



To discQuia^e laree 
.families. / y 

To dyfpiirhge use of 
autoif<^ilcs?i 

To promote gasoline ' 
conservation. * 



Source: Worldwatch Institute" 



" Another financial tool that cajiybe either a' penalty or a ' 
reward, depending on how it -is ^sed, is the deposit on pur- 
chased goods that can be recycled. In the United States, for 
exampte, some states require high" tleposits^pn be^rage con- 
tainers to ensure that bottles and cans (or 'at least tha materials 
from which they are m^de) are reused»oiv recycled.^ Norway, 
uses a similar approacb»for automobilq^s.J^ In^oth^ses thc' 
• purposes are the same^to deduce the use of raw materials, to 
conserve energy, an^' to red&ce litter. 

Change through Regulation 

While market forces and financial incentives and disincentives 
can speed the^transition to a sustafnpble society, regulation is 
the best means of malji^'g^ome adjustments.^^h^ feasible,* 
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regulation may be simpler, more dirpct, and 45re easily admin- 
istered than other market interventions.^ut. \vhil&it can be a 
powerful tool^Ruijlic-policy, it requires an enforcement 

mechanism to be effective. 

« .Regulation, is welh-suited for and widely used to increase 
, energy efficiency, protect life-support systems, a^d control pol- 
lution; It is poorly adapted to the development of renewable 
energy «)urces (though here market forces and incentives are 

. effective) and even less so to the stabilization of world popula- 4 
" tion size. (For halting population growth, public education and 
incentives have been the most effective techniques.) 

For protecting the basic biological systems, regulation is 
indispensable. Limiting the fish catch is an effective and widely 
used mean? of managing oceanic fisheries. If deforestation is 
'to be arrested, tree cutting will have to be regulated and limited 
to a level no greater than the sustainable yields of forests allow 
Where grazing areas are held in common, similar measures will 
have to be adopted if the grasslands are to be preserved. Savjng 
threatened species from extinction often requires nothing short . 

of regulation, international regulation in some cases. 

Pollution control has been achieved almost exclusively 
through regulating the type and volume of waste discharge. All 
industrial countries and most non-industrial countries now reg- - 
ulate industrial waste discharge. 

In many parts of the world, greater energy efficicncy is being 
achieved through the adoption'of mandatory fuel-efficiency 
^ standards. The United States, for example, relies heavily on 
such standards to increase the energy efficiency of its automo- 
biles, appliances" and,, potentially, buildings. If market forces 
alone are trusted to increase the energy efficiency of buildings, 
progress^is likely to be limited since ehergy efficiency has a 
long-term payoff and is not a highly visible characteristic bf a 
building, and its investment cost puts off landlords who can 
easily .pass along higher fuel costs to. tenants. Indeed, even 
architects and builders have little incentive to devote much 
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effort to constructing energy-efficient buildings unless govern- 
ments mandate building energy-performance standards, (See 
Table u-4.) \ 

In .the United States, regulations requiring automobile 
manufacturers to raise vehicle fuel efficiehcy have helped jx)osJ 
the national auto fleet's overall efficiency! ^^^>Since 1979; these 
have been vigorously reinforced by consumers' responses to 
rising gasoline prices. Wliile^the legislation got tnanufacturers 
headed in the right 4i^ection, the, combination of legislation 
and market forces i^ raising fuel efficiency even faster than 
originally planne^.. 

Speed limits are another ty[3'e of regulation de$igned to in- 
crease automotive fuel efficiency. Posted speed limits in most 
countries haye traditionally been substantially above the fuel- 
efficfcncy optimum. But'with the supply of oil tightening, most 
Western industrial countries have lowered speed limits. 
Within Western Europe the only major holdout is West Ger- 
many, wher^- public resistance has cowed political leaders. 

The shif.t from oil to renewable (or at least more plentiful) 
energy sources in the generation of electricity is being achieved 
through a combination of market forces and regulation. In the 
United States, market forces are spurring the shift from oil to 
alternative fuels — most commonly, coal — at a far faster p^ce 
than regulation alcjne would prompt. In Japan, the construc- 
tion of any new oil-fired electrical generators has been prohib- 
ited.^^ The United States and many other countries are not 
only banning the construction of new oil-fired plants, they are 
also requiring that existing plants be systematically retrofitted 
to use coal or some fuel other than oil. 

On a much smaller ^cale, San Diego is one of several coun- 
ties ill California that have passed ordinances requiring build- 
ers to install solar hot water heaters in new houses and new 
swimming pools. The upshot was a great increase in the 
market for solar heating equipment. While regulations affect- 
ing swiinmin^pools would not much affect fossil fuel consump- 
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Table 11-4* A Sampling of Regulatiohs Designed to Facilitate 
Transition to a Sustainable Society 

Goal 



Regulation 



Tanzania 
New York City 

California 

Denmark 
United States 

"United Kingdom 

Portland, Oregon 

United Stales 
Japan 



Ban on weekend 
driving. 

Proposed ban on 
single occupant cars 
entering Manhattan 
on non-toll bridges. 

Ban on sales of 
applianc^with pilot 
lights. #^ 



Ban on air 
conditioners in new 
houses. 

Fuel efficiency 
standards for new 
automobiles. 



Maximum heating 
temperature of 
buildings and 
minimum level of 
insulation. 

Proposed mandatory 
"weatherization" by 
1985 of all privately 
owned buildings. 

Energy efficiency 
standards for 
household appliances 

Recommendation to 
raise fuel efficiency of 
new automobiles by 
20 percent. 



To reduce gasoline " ' ^i^ 
consumption and oil 
imports! 

To reduce air 
. pollution and fuel 
"^consumption. 

To conserve natural 
gas. (Pilot lights in 
* U.S. account for 13 
percent of residential 
gas consunription.) 

To conserve energy. 



To rediice gasoline « 
consunjption of nc\v 
cars between 1975 
and 1985 by 50 
. percent.; 
To reduce industrial 
and residential energy 
use. 



To conserve energy. 



To conserve energy in 
reiideritial sector. 

To conserve energy. 



Source- Woildwatch hislilntc. 
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tion in many places, they will in California where ^ there, are 
many swimming pools and Jfnuch sunshine. They also illustrate 
the advantages of using local regulations to facilitate the energy 
transition. 

Setting either mandatory or voluntary regulations for con:' 

• trolling the temperature in buildings is already common in 
industrial societies. For example, France and Japan have estab- 
lished ^maximum wintertime temperatures.^^ In some coun- 
tries, conipliance is largely voluntary, but in France energy 
monitors periodically check building temperatures and issue 
citations to violators. 

Reliance on regulation has obvious limitations. Where regu- 
lations are politically unacceptable or unenforceable, they may 
not work at all. Prohibiting the cultivation of land tliat is too 
steeply sloping to sustain agriculture over the long-term, for 
instance, may not be enforceable in countries with acute land 
hunger. Likewise, setting aside national parks to preserve wild- 
life in East ij^fricar-m'ay not be a viable option if population 
growth is not slowed. 

Not all societies will choose the same combination of policies 
to- curb unsustainable trends. For example, the United States 
is relying heavily on fuel efficiency standards to reduce gasoline 
consumption, while Western Europe is using a stiff gasoline 
tax. Eastern European countries meanwhile use their govern- 
mental price-fixing authority to set high prices that achieve the 
same end. There is -nothing sacred about any particular ap- 
proach. Each society must sebct those approaches that ire best 

* suited to its own Situation and needs. 

Financing the Transition 

Financing the transition to a sustainable society will require 
vast sums of investment capital, public and private. The de- 
mand for these unprecedented sums is coming at a time when 
capital formation is becoming more difficult, when growth is 
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slowing and profit margins are narrowing. The hefty expendi- 
tur;es needed to sustain the housing stocks and transportation 
systems that evolved when energy \yas abundant arid , cheap, 
such as those in North America, will restrict savings. Duriiig 
this decade and the next, the capitahieeds of the transition will 
strain the capacity of governments and financial institutions. 
.Competition for investinerit funds will be keen and interest 
rates promise to remain high. 

The economic transformation required to put society on a 
sustainable footing will involve making heavy investments 
simultaneously in several sectors, ^apital will be needed for 
building fuel-efficient mass transit systems, constructing soil- 
conserving terraces, installing rooftop sotsir collectors, and tak- 
ing thousands, of other steps. Once the transition is largely 
complete, investment requirements will fall sharply. But until 
then, capital will be scarce and costly. 

While global expei^iturcs on soil conservation, reforesta- 
tion, and population stabilization need to be doubled, tripled, 
or even quadrupled in the years immediately ahead, they will 
be dwarfed by the massive energy-related investments. With 
energy, all societies will have to find a balance between' invest- 
ing in' energy production and energy efficiency. For Third 
World countries, the balance must be between expenditures to 
produce more firewood and those to produce more fuel- 
efficient wood stoves. In industrial societies, the trade-off will 
be between producing synthetic fi^and manufacturing more 
fuel-efficient automobiles. 

The cost-effectiveness of investing in production versus effi- 
ciency has been studied in more detail for' the United States 
than for any other country. Independent studies by the Energy 
Productivity Center of the ?,1ellon Institute, the Center for 
Energy and Environmental Studies at Princeton, the Harvard 
Business School, and the Solar Energy Research Institute all 
conclude that investments in energy efficiency are far more 
profitable than those in producing more energy.^i Indeed, all 
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seem to agree that it would be economically profitable to re- 
duce U:S. oil consumption so that oil imports could be phased 
out by 1990. As Roger.Sant of the Mellon Institute notes,/*AU 
.of the oil that we import is more expensive than our. other 
eneygy '^services options. This means that if everyone's, eco- 
nomic self-interest were fully, accommodated, we would not be 
purchasing any foreign oil/-^^ 

The Mellon Institute projects that if every economically 
sensible action were taken between now and the end of the 
century vis-a-vis energy use, the typical American's needs could 
be satisfied at costs well below those of 1980— even though 
energy prices will increase dramatically. Sant notes that the 
most attractive investments in the energy field are the "thou- 
sands of devices that improve the amount of service consumers 
get for each unit of fuel or electricity used."^^ Among these 
are double-paned windows, automatic fuel dampers, electronic 
pilot lights, sophisticated thermostats, small units that co-gen- 
erate electricity and usable heat and diesel engines in automo- 
biles. 

Study after study claims w£ should de-emphasize investment 
in synthetic fuels noting that they cannot compete with the 
various investments in increased efficiency now and may not be 
able to for years._ Indeed, the cheapest energy available is that 
now being wasted. An analysis by Robert H. Williams, of the 
Princeton Center for Energy and Environmental Studies, 
using life cycle costing techniques, shows that a house retrofit- 
ted by ,the National Bureau of Standards in Maryland for 
$2,840 in 1978 saved 580 gallons of oil per year at a costof onjy 
60 cents a gallon, roughly half of the 1981 price of heating 
oil.^'* According to Williams, investing $1,300 in a typical new 
house in the United States to make it conform to fnc proposed 
Building Energy Performance Standards would save 260 gal- 
lons of oil equivalent per year at a cost of 34 cents per gallon 
saved. ' ^ 

Equally attractive returns on investments are available with 
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homeappliances.25 l^'or example, modest design improvements 
adding $100 to the purchase price of a frost-free refrigerator" 
would save electricity at a cost of 1.6 cents per kilowatt hour, 
compared to current costs of about 5 cents per kilowatt hour. 
On average, notes Williams, it would be profitable to continue 
investing in technologies to raise auto-fuel efficiency over the 
next 15 years until on-the-road fuel economy reached 60 miles 
per gallon, even assuming the price of gasoline was only $1 per 
gallon. * 

Market behavior is beginning to reflect the result of the 
various energy analyses cited above.^^ U.S. businesses, home- 
owners, and government spent $8.7 billion in 1980 on energy- 
efficiency improvements, more than in the preceding^five years 
combined. Energy analysts project that such expenditures 
could easily increase td $30 billion per year in the United States 
by 1985. In industry, mOst expenditures have been for cogener- 
ators, fluidi/.ed-bed combustion technologies for coal, waste 
heat recuperators and heat pumps, more efficient heat 'ex- 
changers, more efficient industrial processes, and computer- 
controlled energy-management systems for commercial build; 
ings. Homeowners are investing in storm windows, insulation, 
and more efficient furnaces. In 1980, homeowners took advan- 
tage of tax incentives b^ claiming tax credits for $4. billion 
worth of expenditures on conservation and solar retrofitting. 

Some of-the technologies are k)ng-standing, others are new, 
Cogeneration, a process that reuses steam produced for electri- 
cal generation as industrial process heat or for space heating, 
has long been used in Europe where' energy has never been as 
cheap as in the United States. Newer ^o the scene is the use 
of computers linked to sensors to adjust heating, cooling, and 
lighting in buildings. This technology has become practical 
only with recent advances in micro-computers. 

A pivot point in any effort to increase energy efficiency is the 
operation of utilities, which are increasingly hard pressed to 
raise the capital needed to construct additional electrical gener- 
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ating capacity. Indeedpmany utilities have begun to look care- 
fully at the alternative. vJ^ys oftbalancing supply and demand. 
What they are discovering is that it is far cheaper, less risky, 
and more profitable to invest in prograins to conserve — and 
particularly to reduce peak requirements — than it is to build 
new capacity. For example. Pacific Gas and Electric, a large 
utility -based; in San Francisco, is planning to invest $164 mil- 

Jion in the next decade in dozens of programs desigried to cut 
peak demand by 25 percent by the year looo?'^ The object is 
to avoid having to invest several times this amount in addi- 
tional generating capacity. 

In Third World countries, where energy waste is far less, 
satisfying basic energy needs will require heavy investments in 
energy production. In late J980, Ernest Stern, Senior Vice 
Pr&ident for Operations at the World Bank, reported that the 
Bank would try to double its existing $13 billion authorization 

. for energy lending for the period 1980 to 1985 to .$25 billion.^® 
This^ter figure would represent the Bank's share of funding 
for ehlfrgy projects, that,' total more than $90 billion. Behind 
this proposal is the desiT<5*to Help develcpjng.countries reduce 
their oil iriiport bill, wWclrtollectively climbed from $7 biUion 
in 1973 to roughly $50 billion in 1980. To facilitate the sharp., 
increase-in' energy lending, the Bank proposed to establish a 
new energy affiliate, the International Energy Corporatiori. 
Evidence of the unfolding difficulties in financing the transj;^ 
tion to a sustainable society came in early 1981, when the 

, newly inaugurated Reagan Administration announced that it 
would not support creation of the proposed energy affiliate.^'^ 
Whether the Bank will be able to expand its energy lending 
along the lines envisaged by Stern remains to be. seen, but at 

-current lending levels it provides invaluable assistance in the 

.energy transition. When the Bank committed $11 million in 
early 1980 to a mangrove plantation in Bangladesh, it helped 
assure a long-term supply of indigenous fuel there. Similarly, 
its comniiiment of $125 million to a new nydroelectric project 
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in Colombia AvilKhelp put Colombia's electrical supply on a 
sustainable bksisl^^ A $40 million loan to Kenya following 
earlier technical assistance from the United Nations Develop- 
l^hient Program^ v/ill- permit Kenya to obtain much of its addi- 
;tional eleclricaUenm^^ capacity: fo^ the eighties from geo- 
%«matsources:^^- . / ■ >c 

Jn 6oUntries iKat impp^^P of imparting energy- 

producing equipment wilFbeciifmeSncreasingly attractive as oil 
tecom^ evg mpre cbsri^^ If i jpyernijicnt can import wind 
generators or gcothermal plants to replare^ oil-fired electricial 
power plants, for eJtomple, Jt tan shdrply reduce foreign ex^ 
change outlays. Moreover, unlike expenditures for imported 
oil, investment in indigenous energy resources can be made 
partly, and sometimes entirely, with local capital. 

The issue of local investment deserves a closer look, given 
the goals of the transition, jn contrast to investments in fossil 
fuels, which arc largely reserved, to corporations and govern- 
. mcnts, those in renewable energy resource!? can be made^by 
individuals and communities. Whether by buying solar panels 
for water- or spacc-heatiiig or planting trees for firewood or 
■ constructing a small-scale community hydroelectric facility^ 
individuals, small firms, and local communities can participate 
meaningfully in the" development of the renewable energy po- 
tential and thus broaden the capital base. 

One .of the attractions of investing in both energy efficiency 
afTd rcnewabVcncrgy resources is that such investments arc 
inflation proof. Once a homeowner invests in insulation to 
reduce fuel needs, his vulnerability to fuel-price increases is 
permanently diminished. Similarly, once a solar watcri^ciiter is 
installed, the cost of the heat it supplies throughout its lifetime 
is fixcd.-Yet, the cost of electricity, oil, and natural gas used to 
heat water will undoubtedly continue rising. 

Asanvcstmcnts in energy arc climbing, so too arc those in 
food production. As world population increases, the capital 
investment required to feed each person increases apace. With 
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little new land to plow, virtually all future gains in food produc- 
tion must come from boosting output on the existing resource 
base. Such boosts, in turn, are posited on highly capital-inten- 
sive techniques. Even if world population were to stabilize at 
six billion, as earlier proposed in the stabilization timetable, 
vast increases in food output would still be required to satisfy 
minimal needs. In Asia, where half of humanity liyes, future 
gains in food production will depend largely on heavy invest- 
ments in water control and irrigation. Saburo Okita and Kimo 
Tahare of the Overseas .Cooperative Development Fund' of 
Japan estimate that doubling rice production in Asia over the 
next 15 years will require $67 billion, largely for investment in 
irrigation facilities.^^ ^1 ♦ . 

One of the most troubling investment deficits is that in 
efforts to control excessive soi^crpsion and to halt the conver- 
sion of prime cropland to nonfarm uses. Few governments have 
recognized this dual threat to future food supplies, much less 
translated such awareness into budgetary commitments. As 
governments become more aware of this dilemma, soil conser- 
vation programs are likely to become a major budget item. 
Official estimates jndicate the United States needs to at least 
double the public contribution to cost-sharing.^** iVlany Third 
World countries need a several-fold increase in expenditures on 
soil saving measures. Farriiers will, of course, have to make 
heavy investments of their own resources in soil protection 
practices. But without governmental cost sharing, the world's 
soils will continue to deteriorate. 

Public funding aimed at keeping cropland from being.di- 
verted to nonfarm uses in most of the world is at best negligi- 
ble. Indeed, in late 1979 when Connecticut purchased the 
development right.<5 for a farm threatened by urban sprawl it 
earned a news story in Vie New York Times. " Neighboring 
f^assachusetts has set aside some $10 niillion for the purchasfc 
of agricultural preservation restrictions for farmland. Of all 
Western industrial countries, only France has come anywhere 
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near investing enough to make a major difference at the na- 
tional level. As the^ eighties begin, this sound approach ^o 
farmUn4{>rotection remains the exception rather than the rule 
tfet it niust become if future supplies are to be assured. 

Wtth refoTCsfation, the commitment of resources is grossly 
inadequate. Only ? handful of Third World countries have 
made a solid cqmmitment to reforestation despite the-obvio^s 
imperatives to do so. In contrast, the United States, which by 
international sta)idards is generously endou^ed with forests, 
committed fund^ to reforesting 460,000 acres in its 1981 bud- 
get. The funcls earmarked for this effort covered direct For- 
est Service commitments plus the employment in reforestation 
of thousands of young people in the Young Adult Conservation 
Corps, a youth employment and training program. Fortu- 
nately, international aid agencies are increasin g sharply th eir 
investment in reforestation during thtjcightiesTSince 1978. the 
U.S. Agency for International Development has quintupled its 
financial support for firewood projects.'^ World Bank support 
of reforestation projects'for the eighties has increased some 
tenfold over the preceding decade.'^ 

Investments aimed at stabilizing population are probably 
slighted most in government budgets. While most national 
political leaders at least acknowledge the threat of continued 
population growth, few governments have adequately funded 
either population education or family planning programs. The 
International Conference on Family Planning in the EightfesT 
meeting in Jakarta in early 1981, estimated that $3 billion will 7 
be needed annually to meet population and family planning 
program needs, compared with roughly $1 billion currently 
being spent.^^ Nationally, few governments have yet launched 
effective population-education programs— programs that ex- 
plain the urgency of halting population growth. 

By any reckoning, the transition to a sustainable society will 
require all the investment capital that can be. mustered. With-, 
out a reduction in the S500 billion global military budget, the ' 
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capital for a smooth and timely transition may not be available. 
Governments will be forced to weigh carefully the trade=off 
between reductions in military expenditures or possible de- 
clines in living standards. However unlikel^a reversal of the 
recent trends in military expenditures may^pcar to bc,;hew 
realities may make such a reversal mandatory. Indeed, straight- 
ening out our investment priorities so that thpy are aligned 
with new economic and social realities is one of the most basic 
and urgent challenges of the transition, - ^ 

Reorienting' R&D Programs " 

The systematic investment of public resources in scientific 
research is a relatively recent phenomenon. As recently as 
1940, the U.S. was spending only $74 million annually on 
research."*^ But World War 11 brought an outpouring of^public 
funds for scientific research, a flow that has expanded substan- 
tially since. As of 1979, global research and development was 
a $150 billion undertaking, employing an estimated three mil- 
lion scientists and engineers. 

The global R&D budget is dominated today by mHitary 
expenditures, much as it has been since World War 11. (See 
Table 11-5.) Far above any other category of expenditures, the 
global military establishment claimed some $35 billion for the 
development of .new weapons systems, an activity that em- 
ployed close to a half.million of the world's finest scientists and 
engineers."*' 

Ranking a distant second after military R&D was space 
research, roughjy a third of that for the military. Although still 
large, its share has declined since the late sixties, when the 
American program that led to the moon landings culminated. 
Qther major areas of research and development expenditures 
are energy, health, tran^rtation, pollution control, and agri- 
culture. All told, the wartime imprint on government R&D 
expenditures remains bold. Today, more scientists work on new 
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Table ii-S.lTic Clobaf Research and Development Budget, 1979 

I Program Share 

~ (percent) 

Military 24 

Space 8 

« Energy 8 

Health 7 

^ Information Processing - 5 

Transportation. 5, 

Pollution Control | - 

Agriculture ^ 3 

* Basic Research 15 

Others - 20 

Total -jioo \ , 

Source. Norman. 77/r Cod lltat Lwips. Science and Technology in the Eighties, 

weapons systems than on .new cnerg>' sources and increased 
'"^food production conjbined. 

/But the role of technology .in the transition to a sustainable 
sodcty is a central one. A pressing and in some cases a near 
desperate need is that for technologies to harness locally avail- 
ablei renewable, energy sources. Development of iiiofe energy- 
efficient tccliriologies is lagging far behind the need in'.every 
major sector in the world economy. Research on fanning prac- 
tices tha^will stabilize soils is nonexistentjn the countries that 
need it most. Iiivcstment in the breeding of plants that can 
Capture sunlight more efficiently isxtrivial compared with the 
need for such plants, as is investment in more efficient long- 
distance electrical transmission techniques and the develop- 
ment of high-yield sweet sorghums that can be grown as tem- 
perate-zone energy crops, much as sugarcane is grown in the 
tropics and subtropics. So long is the list of such gaps, in fact, 
that the global R&D budget as it is now constructed scarcely 
corresponds to humanity's most pressing needs. 

Yet, while progress in shifting budgetary priorities is slow, 
changes iri the energy; research budget are' heartening. Data 
compiled by the International Energy Agency for the major 
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Western industrial countries (except France) and Japan, show 
that public expenditures on energy research, development, and 
demonstration (kD&D) increase'd from $1.9 billion in 1974 
(the first year after the Arab oil export embargo) to $7.1 billion 
in 1979.'*^ Even "adjusted for inflation, this represented a ; 
healthy increase. / 

During this five-year period, expenditures for conservation^ 
increased from just bver> percent of the energy jesearch 1|pd- 
get in 1974 to over 6 percent in 1979, while those for solar 
energy climbed from less than 1 percent to over 9 percent. (See 
Table ii-6.) While energy conservation and the development 
of renewable resources should be at the center of a long-term 
global energy strategy, energy research expenditures do hot yet 
reflect this recognition. Njjclear power, principally nuclear 
fission, still claims the lion's shar6 of energy research and devel- 
opment funds in rich and poor nations alike. Although expen- 
ditures on nuclear fission declined from 69 percen'l to 45 per- 
cent, this^commitment is still extraordinarily large given the 
declining prospect of nuclear power in the United States, Ger- 
many, and othcj key IE A countries. 



Table 11-6. Governmental Energy Research, Development, and Demon 
stratioii Expenditures of lEA Members, 1974 3n<l ^979 



Program 


^974 






(pertcnl) 




Conservation 




6.4 


Oil ^ Gas 




'3.4 


Coal 


58 


10.8 


Nuclear Fission 


68.7 


44.6 


Nuqlear Fusion 


8.3 




Solar 


0.4 


94 


Other 


0.8 




Supporting Technologies 


1 1 1 


n 7 ^ 


Total 


100 


\oo 



Source hUcrnatioiial Energy Agciicy 
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Of the 19 member countries of the International Energy 
Agency,, only Sweden has been fully able to realign its energy 
research budget in accord with the new energy realities.^^ 
While lEA members as a group are allocating only 6 percent 
* of their budget to energy conservation, Sweden is allotting 34 
percent. Similarly, the community as a whole is devoting only 
9 percent of its energy budget to renewable energy resources, 
but Sweden has increased its expenditures' to 32 percent. • 
Meanwhile, Swedish expenditures on nuclear fusion and fissipn 
combined have fallen to 19 percent. 

While government expenditures on energy RD&D totaled 
just over $7 billion in 1979, industry's annual expenditures on 
energy" RD&D in the larger lEA countries have reached $2.9 
bilhon.-*-* Industry RD&D expenditures on energy are roughly 
- proportional to the industrial capacity of the member coun- 
tries: the United States leads with $1.3 billion, followed by 
Japan with $513 million and Germany with $329 million. In 
some cases, the industry expenditures are part of joint govern- 
ment-industry projects — the construction of coal liquefaction 
pilot plants, for instance. In others, notably those that manu- 
facture automobiles and household appliances, government 
regulations (in the form of higher energy-efficiency staodards) 
have spurred industrial product research. 
With siistainability rather than endless growth as a goal, 
X local research acquires new importance. In the case of the 
development of renewable energy resources, for example, data 
on stream flows ipust be collected locally and analyzed as a basis 
for Qons'tructing small scale hydroelectric generating facilities 
Similarly, the growing reliance on agriculture as a source of 
energy iind industrial raw materials will require an unprece- 
dented commitment to local research on the selection and 
development of crops adapted to this need. 

'Overall, the R&D requirements of a sustainable society will 
be diverse. No easy technological fixes, no simple break- 
throughs will solve the food problem or the energy problem 
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Rather, many smalle^echnological advances and adaptations 
of existing technologies will guide the shifty to a sustainable 
society. For example, the use of miniaturized computers being 
developed in the microprocessor industry can help us conserve 
other resources, primarily energy. As this new technology, 
which stores vast amounts of information on tiny silicon chips, 
continues to develop, it promises to mske the economic system 
more efficient. Already, tiny computers are being used m soine 
cars to achieve a more efficient fuel-combustion mix, while 
advances in computer and communications technology, such 
as including video phones, may open new possibilifies for re- 
ducing travel. ^ 

In microbiology, the new possibilities raised by research on 
recombinant DNA may also help solve some of humanity's 
most pressing problems. By genetically manipulating bacteria, 
researchers can, in effect, reprogram the genetic bacteria or 
other micro-organisms lo do the same things they now do 
better or faster or in some cases to perform entirely new tasks. 
For example, a bacterium developed by General Electric eats 
oil and could thus conceivably clear up oil spills. 

With these and other prospects still awaiting full develop- 
ment, the overwhelming emphasis on military research in 
R&D budgets around the world must be called into question 
As Colin Norman notes in a Worldwatch Paper on the global 
R&D budget, "The United States has the ability to survey 
virtually every Square meter of the Soviet Union, yet the 
world's scientists have barely begun to survey the complex 
ecosystems of fast-disappearing tropical rainforests or the ma- 
lignant spread of the world'^ deserts."^^ Further, says Norman, 
"The nuclear arsenals of the superpowers contain enough ex- 
plosive power to reduce to rubble most of the cities of the 
globe, yet the more challenging test of providing clean, safe 
power for those cities has received far less scientific attention." 

The global R&D budget was shaped largely by the needs of ^ 
the fifties and no longer serves us well. Needed now is a whole- 
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sale rcsttucturing, country by country, that will make the 
efforts of scientists responsive to the needs of the eighties and 
to the development of technologies that will lead us to a sus- 
tainable society. Overcoming the bureaucratic inertia and 
vested fnterests in the current configuration of expenditures is 
essential if the technologies needed to sustain society are to 
evolve. 

The Role of Leadership 

The greater the need for economic and social change, the 
' greater the need for leadership to guide the process. Through- 
out most of' history, social change was so slow as to be scarcely 
perceptible within a given generation. Then, an occasional lack 
of leadership was tolerable since the consequences unfolded so 
slowly. But in recent centurieiand decades the pace has picked 
up, and during the decades of transition the pace_of change 
promises to accelerate sharply. Leadership ;was never needed 
more than it will^be in the years immediately ahead. 

Leadership can be defined in many ways— political, intellec- 
tual, or spiritual, to cite a few. Most commonly, it is thought 
of as political, in terr.is of elected or appointed officials. It also 
consists of organizers and facilitators, those who make things 
happen. Barbara Ward defined leadership as "the ability to get 
the best out of those around you/'"^^ 

As the world enters the eighties, facing the need for a rapid 
economic and sodal transition, there is a dearth of leadership, 
particularly at the national level. Among contemporary politi- 
cal leaders of major countries, few stand out as historic figures. 
It is not clear whether the facelessness of national political 
leaders is absolute or relative to the unprecedented demands of 
the transition. Canadian Prime Minister Pierre Tr\ideau favors 
the latter explanation, observing that all national political lead- 
ers appear incompetent jn the face of the problems societies 
now face.*^^ Warren G. Bennis, psychologist and former presi- 
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.dent.of /the University of Cindrmtirtakes the other view- 
that the world is suffering from a paucity of leadership.^? 

Whether leaders make historfof history makes. ^^^^ 
eighties and nineties wiU unquestionably be periods of rapid, 
.perhaps even convulsive, ecanoixjic and social change. Our 
success in. making that change smooth, purposeful, and guided 
will depend largely upon the willingness and ability of leaders 
to educate their comlituents. Their responsibility in times of 
rapid change is to help people understand why change is 
needed, why it is inevitable," and what it will look like. As 
Bennis notes, "Our great political leaders, such as Jefferson, 
Lincoln, and Wilson tried to educate the people about prob- 
lems," in effect "transforming murky problems into under- 
standable issues."**^ He believes that "a leader must get at the'^r^ 
triith and learn how to filter the unwieldy flow of information 
into coherent patterns." With no understanding of the under- 
lying causes of change, governments fail to respond to emerg- 
ing problems and problems become crises. 

At a time when there is a dearth of leadership at the riational 
level a few stand out. One such leader was the lafc President 
Ziaur Rahman of Bangladesh, assassinated in an attempted 
coup ^etat in May 1981. Few if any countries are in more 
desperate ^eed of effective Id'adership than Bangladesh. With 
some 90 tnillion people squeezed into an area about the size of 
Louisiana, th^^country has been frequently described by devel- 
opment economists as an international basket case. Planning 
Minister Fasihuddin Mahtab sums up the desperation. "Un- 
less we make a major breakthrough in the next five years, we 
are finished. With 80 percent of the people below the poverty 
line, we are barcl^^ floating. It is survival. The alternative is 
yearly faniine."50 \ father of two, Zia lived quietly in the same 
small house he occupied when he was a military commander. 
He worked long, hard days, frequently going from 7:30 in the 
morning until past midnight. His two principal goals were 
bringing population growth to a halt and expanding food pro- 



319 



TI|« Means of TMn$itio|i . :3I3 

duction. Deter m^^^ |ialt population growth at lOo inilliqn, 
-he ii^.bi^ push the dne-<:ihild family, foWirig the 

ehinesc example^ ^ 

Zia that the key to solving Ban- 

gladesh's food problem^46 increased multiple croppiogr which 
in turn depends dnvd^^ canals. In his tireless 

canipajgn to slow population grdvvth and to expand food pro- 
duction/Ke^made some 20 trips a month by helicopter to 
reniote villages where he exhorted people to greater efforts — 
and scolded laa^ local bureaucrats for failing to get things done. 
His Minister.pf Agriculture d^^^^^ him as "the chief exten- 
sion agent of the Ministry of Agriculture/'^^ 

Progress on both the food and population fronts in Ban- 
gladesh has slowly gained momentum since Zia took over in 
I976, when he transformed a military government to civilian 
ruWOne observer noted that Zia "sometimes appears to be 
trying to raise his country up by sheer force of his persua- 
sion/*5i An exemplary leader, committed to improving the lot 
of his people, Zia provided not only leadership for Bangladesh 
but inspiration for other countries as well. 

At a^ime when effective high-level political leadership ^uch 
as Zia offered is scarce, intellectual leadership is also lacking.. 
In an essay, "The Cupboard of Ideas is Bare," journalist Ber- 
nard Nossiter describes this perplexing dilemma in challenging 
terms, noting that American presidents no longer view aca- 
demia as the source of answers to the problems the>' face-^^ 
Few contemporary economists stand tall enough to command 
wide public respect, perhaps because traditional economic the- 
ory no longer explains the workings of the economy. Leading 
economists have difficulty explaining the mounting inflationary 
pressures or the declines in labor productivity.' 

In the face of complexity, academics all too often retreat 
into ideology or technique. Sociologist Daniel Bell reports that 
two vacaricies in his department for faculty members under 45 
at Harvard went unfilled in the late seventies because the 
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screeping^ committee could, not find candidates with the 
needed breadth.5^ Bejl noted that many of the candidates were 
"brilliant hbtsKots/' but that nearly all were technicians, noth- 
ing more than .computer mbdeF specialists. Faced with, real 
Avorld complexity, academics.too often bow to the temptation 
to retrealirito the world of computer models and the academic 
jargbri of their discipline.. ^ 
Apart front a few: national political leaders,"those leaders 
most actively promoting the transition to a sustainable society 
are local. One^ch is Michel Crepeau, former mayor of La 
Rochelle, France. From 1971 until :his 1981 appointment as 
Minister of Environment ip tKe>Mitterrand cabinet, he 9rga- 
nized and led a bro^d-based effort to create a model city for a 
sustainable society.55 Launching a recycling program, he called 
meetings in local neighborhoods on the proposed -program for 
separating and recycling frash, gaining support before the pro- 
ject startecT Street theater was used to teach how to separate 
nhe^key components of garbage— metal, paper, and plastid. 
Solar water heaters were installed on over 1 fioo public housing 
apartment buildings alone, reducing the vulnerability of La 
Rochclle's ioo,cxx) inhabitants to oil embargoes. The center 
city, which dates from the middle ages, was converted into a 
network of streets for pedestrians only. Because the people of 
La Rochelle helped design and implement these programs, 
voter support for Mayor Crepeau has expanded steadily. Em- 
phasizing broad public participation, the mayor haj rejected 
dogma and ideological approaches in favor of practical propos- 
als that work. • " ".1.^1 

In energy, too, the outstanding models arc local. Within the 
United States, California has consistently led the country in 
.developing renewable energy resources. Undei^Governor Jerry 
Brown's leadership, the state has moved imaginatively, using 
tax incentives and the authority of the Public Utility Commis- 
sion to encourage the shift to solar and geothermal energy. In 
many cases, the goals set in California are higfier than those 
set in Washington for the country as a whole. 
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in local energy dcvek)pment, FTanUin C^^^ in rural west- 
ern Massachusetts $tan<^ out. A detailed inventory of the po- 
tentul both for conserving energy and for developing 
renewable energy resources yielded astpupding reisults. It 
showed that the county could rely heavily Dn available local 
energy resources-riricluding existing, abandoned, and poten- 
tial hydroelectric sites— and reduce its overall epergy consump- 
tion by percenf^b^^^ It further deter- 
mined that the co^ty had enough potential hydroelectric 
generating capacity lo more than satisfy any projected needs 
for electricity and could even market surplus power. 

Above all, the Franklin County; study emphasized the need 
for community energy planning. Mark Cherniak, codirector of 
the energy-management project, notes that "energy statistics 
must be gathered as Ideally as possible if they are to be of value 
in policy making. . ^. . A particular building, stream, windy 
hillside, or acre of woods exists in town or city and is, owned 
by someone. The decision to develop an energy resource can 
^bnly be properly made at this most local level/'57 

Once leaders such as Michel Crepeau or Mark Cherniak and 
his associates take the initiative and create the local models, 
then it becomes easier for other community leaders to inno- 
vate. The critical input is the initial vision and political leader- 
ship that^get the process started. 

Outstanding among those who are launching the transition 
to a sustainable society are the organizers and facilitators. In 
1979, Thailand had 41 percent fewer pregnancies than it had 
five years earlier.'^ Unplanned births had dropped to a negligi- 
ble level largely because, of the efforts of one young man. 
Trained as an economist at the University of Melbourne, Me- 
chai Viravaikya has organized the world's most innovative fam- 
ily planning program. He abandoned his government position 
in 1974 to form the pommunity-based, nonprofit Family Plan- 
ning Services. As he pointed out, "When I was in the gdvein- 
meht planning office, with my degree hanging smartly on the 
wall, I was director of the team that made marvelous plans for 
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Thailand. 1 saw that wc were advancing economically, but all 
pur gains were being eaten up by overpopulation. \ realized we 
would have to adopt a radical new approach to this most 
terrible problem."'^ As Mechai saw it, it^^ould be nec^ry 
"to change lhe Thai's puritanical view of sex, make the whole 
business of how many children a family had a subject easily 
discussed and thus acted upon." The techniques and innova- 
tions introduced by Mechai seem endless. School children's 
games have been devised in which condoms are used as bal- 
loons. Math exercises have been organized around population 
growth and its effects. Sterilization of a husband or wife in a 
village after they have had the desired number of children 
entitles the couple to a free baby pig, (Mechai notes that this 
accomplishes **two things at once, improving the diet and 
popularizing birth control ") Key to Mechai's approach has 
been popularizing family planning and involving people at the 
grassroots levels in the program— a two-pronged effort that has 
led to wide discussion of population problems and the need for 
' fannJily planning in all segments of Thai society. 

More than 1,000 miles to the west in Jndia, another organ- 
izer has literally transformed large rural areas. In May of 1949, 
Verghese Kuricn, a recent graduate of Michigan State Univer- 
sity in mechanical engineering, arrived in Anand (a small town 
north of Bombay) to work with an Indian research creamery. 
Within a few years, he had organized a farmer's dairy coopera- 
tive for village milk producers, few of whom owned more tlfan 
four cows. Then he organized another, and another. As the 
number of local village cooperatives multiplied, they eventually 
formed unions of about 800 villages each. The typical union 
now operates a fleet of milk-collection trucks, a marketing 
system that extends into the big cities, and a feed-mixing mill. 
It provides veterinary and extension services, including artifi- 
cial insemination to upgrade local stock. Close to 30 such 
unions modeled on the original Kaira Dairy Union now exist 
throughout India. They involve 5.5 million milk producers, 60 
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percent of whom arc marginal farmers or landless laborers, and 
supply milk both locally and to India's fo»'r largest cities — 
Bombay, New Delhi, C?^lcutta, and Madras.^^ Much of the 
milk moves by insulated railway tankers on fast trains, some of 
it traveling several hundred kilometers. 

The dairy cooperative! organized by Kurien provide a reli- 
able market for small farmers who may have only a few acres 
of land and only one or two cows. It also provides them with 
cash inct)mc from the sale of their small marketable jterplus and 
with technical services that would not otherwise be available 
to most farmers. These cooperatives have increased income in 
rural areas and have improved nutrition in a country where 
dairy products are the dominant source of animal protein in the 
diet. The key to developing this food resource was not massive 
investments or foreign aid but yision and conmiitmcnt — in 
short, leadership. 

Leadership takes many forms. It may be as simple as a 
personal example or as profound as the influence embodied in 
a head of state. Princeton's Rufus Miles believes that leader- 
ship for the transition is at least as likely to be "bottom up" 
as *'top down.**^^ Everyone will have the opportunity not only 
to participate in the transition but to help lead it. 
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T^e role of institutions in the transition to a sustainable 
society is pf more than passing interest. Which will hasten the 
process? Which will impede it?. As a general matter, says social 
analyst Hazel Henderson, "individuals learn faster than institu- 
tions/'i It follows that if major institutions resist change and 
adjustment, the prospect for a successful transition to a sustain- 
able society will diminish. 

Besides catalyzing the transition, social institutions will 
ihemselves be transformed by the changes they help bring 
about Energy analyst Charles^yan observes, "Institutions 
often have difficulty in adaptingto other conditions than those 
which gave the-n rise/'^ Thus, churches, universities, and other 



I1ic Institutional Challenge 



:319 



long-standing traditional social organizations may be more 
sorely tried by rapid change than are the communications 
media and public interest groups-organizations of much more 
recent vintage. Indeed, public interest groups grew out of the 
need to accelerate the transition, to overcome resistance to 
change by the vested interests: Agents of change by nature, 
they stand to play a major role in the transition. 

. Overcoming Vested Interests ' ^ 

At any given point in the evolution of a political bconomy, 
some interests are served by maintaining the statu^quo. In- 
dividuals, industrial firms, professional associations, ilabor un- 
ions—independently or collectively, these interests can stand 
in the way of rapid change. Similarly, it is easier for aji estab- 
lished industry to perpetuate itself than it is for a new industry 
to establish a foothold. This fact of life has plagued, fojr exam- 
ple, virtually all new industries that would provide rer^ewable 
sources of energy. Competing for government research funds- 
and financial incentives, these concerns have been waging an 
uphill battle against entrenched energy interests, among them 
the large, well established multinational oil companies and the 
nuclear power industry. 

Part of the problem is that government agencies that should 
function as agents of change too often develop a stake in 
maintaining things as they are. As an example, agencies acquire 
a vested interest in the product or industry they are supposed 
to monitor or regulate. When the Department of Energy was 
created, it absorbed part of the Atomic Energy Commission 
and AEC's mandate to promote the commercialization of nu- 
clear power. Thus, the newly formed department took on a 
strong pro-iiuclcar bias. 

Government involvement with industries and in activities 
thst are not necessarily in the public interest can also be seen 
in the military-industrial complex. At basjb, the combination of 
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^ . / a large goyernmcnt departirjent and numerous large industrial 
conjcerns is all but unmanageable politically. Reinforcing this 
uAconscipnable agglomeration of unchecked power is the 
4steady flow of personnel from the Department of Defense to 
the.weapons-manufacturing industry. This so^allcd ''revolving 
door" *poiicy ensures a close working relationship, but it also 
impairs government's watchdog function and gives entrenched 
interests a sort of right of way when government contracts are 
issued. 

At the international level, timber companies with a keeh ' 
interest in clear cutting and litHe or no interest in its long-term 
ecological impacts have formed unholy alliances with short- 
sighted governments concerned solely with balancing' interna- 
tional payments. Unfortunately, this combination of economic 
interests has frequently overridden local and global interests in 
susfSiirtng the long-term productive capacity of forests. 

In many cases, economic interests have steadfastly resisted 
,the governmental regulations that are central to the evolution 
of a sustainable society. U.S. automobile manufacturers fought 
the fuel efficiency standard?. The American building industry 
opposes passage of building energy performance standards. In 
most industries, companies have resisted pollution controls, 
even spending corporate funds to lambast them publicly. * 

Often, opposition to public intervention and social change 
has nonideological roots. Far-example, nuclear engineers' 
strong interest in the nuclear industry may have more to do 
with the years they have devoted to their professional training 
than with politics. It may be for personal rather than for politi- 
cal reasons that^icycjj^ptobjectively assess nuclear power as 
an energy^jK^^mil^, a principal constraint on the use 
^ paramedics jn family planning in some Third World coun- 
tries has been the medical associations, which have a dispropor- 
tionately large {jplitical influence in countries with small edu- 
cated elites. 

Whatever their reasons^ vested ^interests .employ a variety of 
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flvefliods and techniques to maintain the status quo. Trade 
associStions, cbrporations^and unions make campaign contri- 
butions, lobby, and conduct public ''education" programs to. 
advance their particular interests. Corporations often use ad- 
vertising not onfy to promote their products, but also tolustify 
their use. and to complain about government's attempts to 
watch out for the consumer. 

The more sophisticated corporations often justify their ac- 
tions by issuing projections, commonly made public through 
the auspices of industry research institutes. These projections 
can function as self-fulfilling prophecies. If, for example, a large 
oil company such as Exxon publishes projections of U.S. energy 
production to the end of the century that accord solar energy 
only a sliver of the market, the media and the public get the 
erroneous ido^ that solar energy's potential is negligible. True 
or not, it is in Exxoq's interest to have people think so. 

Perhaps the most powerful of the pressure* groups are those 
composed of. a combination of interests. The Highway Trust 
Fund, for example, furthers the interests of automobile manu- 
facturers, highway construction firms, and the oil companies 
its mission is making sure that tax^ money from the sale of 
gasoline is used to extend and maintain the highway system- 
Once established, such institutions are difficult to get rid of, no 
matter how anachroiu'stic or anti-social their purpose has be- 
come. 

Clearly, underestimating their power or their effectiveness is 
no way to put vested interests in their place. Just as clearly, 
public interest groups cannot do so alone. Also needed is strong 
political leadership, a regrettably scarce commodity, to under- 
gird the joint efforts of public interest groups and the com- 
munications media to expose special interest violations of the 
public trust. 

Efforts to ban throwaway beverage containers illustrate well 
why political leadership is needed to check corporate activities 
Companies that-«!aou(acture throwaway containers have enor- 
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mous financial resources at their command, as do the unions 
whose members work for these companies. Thus, I't is left to 
government and public interest groups to research the issue 
and examine the effects of "a shift to retumalSle containers on 
energy conservation, inflation, employment, and ^aw materials 
use. And even though such analyses show that society gains Ijy 
switching from throw-away containers to retdrnable ones, the 
limited financial and manpower resources of public-interest 
groups alone are not enough to overcome the efforts b); the 
manufacturers of throwaway containers. Only'when a public 
interest group such as Environmental Action^, which in the 
U.S. has led the fight against disposable containers, and the 
communications niedia work together with'lovemment lead- 
ers who understand the importance of these nongovernmental 
efforts to educate perspective voterS^, can the public interest 
withstand "market forces." 

The Role of Corporations 

Modern corporations exercise enormous influence over our 
daily lives. They are the "dominant social invention" of the 
tvventi^th century, says economist Robert Lekachman, who 
observes that "the corporation occupies a place as important 
in our time as that of the Holy Roman Church in medieval 
Europe or of the monarch who ruled by reason of divine right 
'during the sixteenth and seventeenth century heyday of mer- 
cantilism."^ If money is power, Lekachman'^ assertion is al- 
most indisputable: the world's largest multinational corpora- 
tions each have gross annual §ales that exceed the gross national 
products of scores of countries. 

Unquestionably, the large multinational corporations repre- 
sent concentrations of power that rival those of the weaker 
nation states^ Also, without question, this power brings with it 
responsibility. As Willis Harman of SRI (formerly Stanford 
Research Institute) observes, "As the largest corporations 
begin to wield influences over human lives that are comparable 
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to tliose of governments, they face a demand that has histori- 
cally been made only of 'government— that they assume re- 
sponsibility for the welfare of those over whom they wield 
pdwer.""^ ■ ' . 

In command of vast resources, corporations are in a position 
to either facilitate or slow the transition to a sustainable society. 
History proves as much. Stanley 1. Fischler describes in detail 
the systematic dismantling of U.S. urban streetcar systems led 
by General Motors during the early postwar period.^ In cooper- 
ation with Standard Oil, Firestone, and others who stoodjo 
benefit from automobile sales. General Motors formed a jointly 
owned subsidiary ^that proceeded to purchase and dismantle 
privately owned, urban rapid-rail transit systems. Fischler 
quotes Congr^sional testimony by the San Francisco Mayor, 
Joseph Aliolo: *'In all. General Motors, acting through subsidi- 
ary mass transit companies> acquired forty-six streetcar systems 
in forty^five cities and converted all to smog-producing bus 
operations."^ Los Angeles Mayor Thomas Bradley was no less 
emphatic: "The destruction of a system in Lx)s Angeles with 
aver one thousand miles of track took place in a very calculated 
fashion. The fact that a handful of giant corporations deter- 
mined the form of grgund transportation for the country's 
three largest cities— and for a hundred other cities— should not 
be easily forgotten. . ."^ Thus, three decades ago, these 
. companies nourished U.S. dependence on the automobile, 
whicli in turn has helped deepen national dependence on im- 
. ported oil. ^ ^ 

In the seventies, even while oil prices were climbing, Detroit 
continued to concentrate its .energies on producing what en- 
ergy analyst Amory Lx)vins has called "petfopigs."^ Executives 
in Detroit^disdainfully talked aboiil ''^small cars and small 
profits," hejping to slow the transition to a more cncrgy- 
eflScient transportation system and setting the stage for Japan's 
emergence in 1980 as the world's largest automobile manufac- 

^ turer. ' ' 

Another commercial interest deserving of at least some op- 
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probrium for acting counter to the public interest is the electri- 
cal utility industry. U.S. electrical utilities, long wedded to the 
belief that a dollar burned is a dollar earned, have until recently 
been^ellibent toxoiistruct new plants, spending vast amounts 
of capital and raising electrical power rates to recoup those 
exp«ises. 

" Occasionally, a firm that has exceptional leadership will 
break ranks and move ahead of the industry as, a whole. Such 
has been the case with Southern California ETdision, one of 
the largest U.S. utilities. In late 1980, William R. Gould, the 
chief executive ^officer, declared , at a press conference: **It 
is the policy of Edison to devote our corporate resources to 
the accelerated development of a wide variety of future 
electrical power sources which are renewable rather than 
finite."^ This shift in emphasis by SCE included-develop- 
ment of 120 megawatts of wind power, 2^20 megawatts of 
geothermal, 310 megawatts of solar, and 620 megawatts of 
hydroelectric generation. In summing up the reasons for 
this major shift in emphasis, Gould said, "We are convinced 
that our s^ociety in^general, our customers, and our company 
will benefit.'' 

Corporations can bring their impressive R&D capacity to 
bear on the transition. Within the food sector, a new, more 
energy-efficient process for synthesizing atmospheric nitrogen 
into chemical fertilizer that was developed in 1963 by Kellogg 
Engineering (a subsidiary of the Wheelabrator-Fryc Corpora- 
tion) reduced the cost of nitrogen fertilizer by some'40 percent. 
Now used throughout the world, this technology has probably 
done as much to alleviate hunger since 1963 as any agricultural 
breakthrough since mid-century. It illustrates well the poten- 
tially large contributions that corporations can make to the 
transition. 

The automobile industry's capacity to design more fuel- 
eflScient cars or dectrical utility mpanies' willingness to fol- 
low a more energy-efficient path are both in question when we 
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ask what corporations cat) do to facilitate the transition to a 
' sustainable society. But even more is at issue. To the extent 
that new techniques and technologies can play a role in the 
transition — be they tree-breeding techniques or the develop- 
ment of more energy-efficient industrial processes — companies 
pan begin to assume social responsibilities commensurate with 
their size and wealth. Since a large share of the world's research 
and development budget is controlled by multinational corpo- 
rations, their potential to develop technologies that will facili- 
tate the transition is obvious. (See Table 12-1;) 

Asa starting point, corporations can help develop renewable 
energy sources and thus create a more energy-efficient econ- 
omy by improving the energy efficiency of their own opera- 
tions. Adopting new processes that increase the efficiency with 
which ore is refined, for example, raises the overall energy 
efficiency of the economy, as does developing more energy- 
efficient household appliances. 

Even corporate administrative policies can affect the transi- 

Table 12-1. R&D Expenditures by Selected Countries and 
Corporations, 1975 



Cowiiry or Corporation 


Expenditure 




(million 




dollars) 


WEST GERMANY ' 


' 8.847 


ITALY 


1.656 


SWEDEN 


],2l6 


General Motors 


1,114 


International Business Machines 


946 


BELGIUM 


764 


Foul 'Motor Company 


. 748 


Am<*rican Tclcphorie and '1 clegrapli 


61Q 


INDIA * 


420 


SPAIN 


262 


International Telephone and Telegrapli 


219 


SOUTH KOREA 


127 



Source Norman, Tlte God 'Piat l.tmp^ Science and feclmolog} in the Eighties 
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tion.. Many companies provide free parking fof their ern- 
ploye€s, but do nothing to subsidize employees who use public 
transportation, Obviously, the more energy^efficient alterna- 
tive would be to charge parkingiees .t0iemployec8|w.hp drive 
automobiles and to reimburse those Whd'tekg;pybU|trarg^r^ 
tation. As a first step to this admittedly radical reversalj^compa-" 
nies could begin by charging 'car{xx)lers less than, those who 
drive alone. Already, some companies, such as the 5-M Corpo- 
ration in Minnesota, have gone even further by actively pro- 
moting vanpooling for their employees. 10 The company pro- 
vides financing tor the vans and helps organize the van pools. 
Some 155 vans carrying 1,500 3-M workers daily have now 
replaced oCer 900 automobiles, saving 297,000 gallons of gaso- 
line each year. Here, the exercise of corporate responsibility has 
resulted in a- valuable fringe benefit for e^bployees.' 

Never has the potential for making wrong turns been as 
great for corporate planners as it is today. The recent history 
of the aircraft manufacturing industry illustrates the potential 
'ifor disaster. As the seventies began, major aircraft manufactur- 
ers had to decide whether to cohcentrate th'cir engineering 
skills and investment capitalln building costly, "energy-inefii- 
cient supersonic transports or the more fuel-efficient jumbo 
jets. Those, such as tlie Boeing Corporation, that ended up 
building jumbo jets have thrived. Those European firms that 
optetl for the supersonic transport have invested "heavily in 
production facilities designed to produce a product for which 
there is no market. Similarly, among utilities, many of the 
companies that bought the nuclear industry's pitch and de- 
cided to "go nuclear" are now paying a high price. 

In economic terms, the years ahead pron\ise to be extradr- 
dinarily dynamic. As the transition progresses, old industries 
will fiil^he^aysidernew^nesjwilleniergc^^^ 
Those companies that understand the economic transifionrairV 
plan accordingly will benefit. Those that fail to anticipate the 
changes in prospect may find themselves foundering. 
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iHeligtom\'An E^^ Theology * - , 

As iKe source and custodian of values, religion should be (^n- 
trally involycdMn the transition to a sustainable society;^et7— 
suijpnsingly, few religious leaders have grasped the opportunity 
ind rwpon«^^^^ the transition, and sope, 

such ais those who oppose family planning, are standing in the 
way of xa, smooth transition/ . * t ^ 
' iSomf of the most profound thinW^^ theological , 

implicatfons of the transition in the Christian wojH have come 
frdm outside the religious community^ A 1967 Science article 
by historian Lynn **The Historical Roots of Ojir Eco- ' 

logicalCrjsis,/ which explaiiied the current environiiientalcri' 
sis in tCTiTis of the Judeo-Christian ethic, has since become a, 
classic. In the mjnds of many. White notedrthe Biblical legacy 
set forth in Genesis that man wds to "have dominion over the 
fish of the sea and over the birds of the air and over everything 
that moves upon the earth" has been inte^reted as a license 
. td' exploit and'^pillage the earth's resources to iierye society's 

^ * interest:^ ^ - ^ 

Of the world's major religibrisT Bpddhijsm' espouses valuesy 
closest to those of a swstainable^iety. in his famous essay on 
Buddhist economics, E.F. iSchumacher points q^i that modern 
economic systems do not distinguish between renewable ^nd 
nonrenewable resources, only between^heap and expensive 
^ ones.i^ But a Buddhist economist, according to Schumacher, 
would distinguish between nonrenewable fuels, such as coal 
and oil, and renewable fuels such as wood and water power. He 
notes that, according to Buddhist values, ;'non-renewablc 
goods must be used only if^they are^'indispensable and then 
^ only with the greatest care and the most meticulous con- 
^ cem for conservation;*' "This is, not to. claim that Biiddhist 
. societies differ in 'important respects in their patterns of re- 
- — sotmre-usc-Jautthis^approaHC^^ use does at least con- 
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trast in tone with the now-outdated Christian notion of 
dominion: * ^ -^o ' 

Rufus Miles, Princeton University Professor of Public 
Affairs, points out that "few theologians and fewer still of the 
^Church's hierarchies have been willing to face squarely the 
need to incorporate into their doctrines the imperatives and 
ethics, of ecology .-'^^ In a^paper for the World Council of 
Churches, J0rgen Randers and Donella Meadows ijote that in 
the move toward sustainability "it will be necessary to develop 
new ethical principles'? a 'goal that will inevitably involve reli- 
gious institutions.r^^ At issue is the church's role in the social 
transformation tliat lies ahead: Will church leaders provide 
leadership, or will new values be formed without church partic- 
ipation? 

Among the notable responses to this broad question was a 
conference convened in July 1979 by the World Council of 
Churches on "Faith, Science, and the Future." Held at the 
Massachusetts Institute of Technology, it brought together 
some 3cx> delegates from 56 countries, roughly half of them 
scientists and the remainder theologians and social philoso- 
phers. Reporting on the conference, Kenneth Briggs wrote that 
participants focused on the often destructive relationship J)e- 
twccn humanity and nature and argued that "both science and 
religion have fostered an attitude that encourages the danger- 
ous exploitation of the earth and its nonhuman iorms of 
life/' ^5 Accordingly, one of the most widely discussed propos- 
als at the conference was the need for "an ecological theology," 
As outlined by Australian biologist Charles Birch, this new 
theology is based upon the rejection of a "mechanistic world 
view'' for a "new. partnership of faith and science that . . 
acknowledges the unity of creation that is the oneness of na- 
ture, humanity, and Cod."^^ ^ 

While (Overall acceptance of this new dispensation has been 
slow in coming," some facets of the transition are 'receiving 
church support. The perils of nuclear power, the need for 



The Institution^ Challenge • :329 



disarmament, the persistence of hunger, the need for simpler 
life-styles, the threat of overpopulation, the right of all couples 
to plan their families, the rationale for land distribution, and 
the need for social reform have all been addressed from the 
pulpit and have become the object^ atleast hmited church 
activities. ^ ^ F 

One issue that has engendered a particularly broad response 
from . the religious community is the threat of continuing de- 
pendence on nuclear power. The MIT conference proposed an 
international moratorium on the construction of nuclear power 
plants to encourage and allow time for "wide participation in 
a public debate on the risks, costs, and benefits of nuclear 
energy in all countries directly involved." Within the United 
States, the National Council of Churches has alio called for a 
moratorium on nuclear plant construction and a gradual retire 
ment of existing plants.^® And In 1979, the Interfaith Co^ 
tion— a network of like-minded Christians, Jews, Moslems, 
Hindus, and Buddhists— also called for "a halt to the use of 
nuclear reactors, a cessation of the production of nuclear weap- 
ons, and a ban on the mining and transport of uranium."^^ The 
Catholic representative in the group. Father Paul Mayer, 
deemed the nuclear issue ''symbolic of the entire spiritual crisis 
of our century." With the prospect of political repression as- 
sociated with the trend toward a plutonium economy in mind, 
Rabbi Sally Preisand explained that support for the morato- 
rium \^^s at the "core of Jewish tradition." 

Coupled with the rqection of nuclear power has been a call 
for attention to the alternatives. Bishop Paul Moore, Jr., of the 
Episcopal Diocese of New York has called for the wider use of 
non-nuclear energy sources and for a simpler standard of living 
to coniterve energy.^^ Duane Elgin and Arnold Mitchell of SRI 
note that "the American Friends Service Committee, long a 
leader in exploring a way of life of creative simplicity, defines 
simple living as a *non-consumerist life-style based upon being 
and becoming, not having^ ^^^^ 
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Perhaps more than any other social issue, food shortages and 
hunger have attracted the attention of rehgious groups. Unfor- 
tunately, churches and church sponsored organizations more 
often than not focus on the symptoms /)f hunger rather thah 
its cause. Among the notable exceptions is Bread for the 
World, an interdenominational U.S. organization with some 
20,cxx) members. While it has lobbjed for increased emergency 
food relief, Bread for the Worfd has also pressed for improved 
aid programs to help people feed themselves and for an interna- 
tional f'xjd reserve to reduce instability in the world food econ- 
omy. . ^ - ' . . , 

As for population issues, few religious organizations have 
' been at the forefront of social activism and some — among 
them the Catholic church ,and the more fundamentalist Mus- 
lim _sccts-r-<?n only be counted as deterrents of progress. Yet, 
while the official position of the Catholic church has been to 
oppose the use of contraceptives, this view has not been widely 
accepted among church members. In the United States, for 
example, surveys indicate that the proportion of Catholics who 
practice family planning differs little from that of non-Catho- 
lics.^^Ex'fen in some countries ^yhere Catholicism has tradition- 
ally exerted^ strong influence, positions are beginning to shift. 
AlthougH the Irish bishops continue to oppose artificial means 
of birth control, they released a statement in mid- 1979 indicat- 
ing that **it does not necessarily follow from this that the state 

bound to prohibit the distribution and sale of contracep- 
tives."^^ Within Latin America, where the Church has been 
at the center of life, many of the younger, more progressive 
priests and nuns are actively supporting local family planning 
services. 

One issue some churches are beginning to face head on is 
that of land distribution. In Latin America, the Catholic 
church is particularly involved in land reform, even though 
traditionally it has aligned itself with the landed aristocracy. In 
Brazil, where land ownership is concentrated among the elite 

v-3 



337 



The Institutional Challenge :331 

and Ihe possession of land has become the key to social stand- 
- mg,fW.iandK)wnership pattern has fmstrated the formal 
a large middle class and made social victims of small landown- 
• ' _e rs-and_ian dlcs$ laborers . But wherea s these disenfranchised 
groups have long been intimidated by the police or military 
(who would evict them when they settled on land), churches 
and unions are now siding with them in their effort to gain 
possession of at least enough land for a subsistence existence.^^ 
A similar realignment is taking' place in Central America. 
Guafiehiala and El Salvador both have pyramidal class and 
^ ^ land-ownership structures, as did Nicaragua before its 1980 
revolution. As Washington Post correspondent Karen de 
Young writes, After years of admitted alliance with the elite, 
the Church has developed a conscience.''^? In Mexico, mili- 
tant young priests are, siding with the landless and small land- 
holders even though the Catholic Church there has tradition- 
ally cooperated \yith the^ling elite. Within the church 
hierarchy, only a few bishops supported these militants in the 
mid-seventies, but by the end of the decade at least ^dozen 
were speaking out on behalf of the repressed and others were 
consideringa shift. A Church document issued by nine bishops 
from the south of Mexico, where most of the economically and 
socially depressed Indians live, summarizes the conflict: "Mex- 
ico is presently passing through one of the gravest crises of its 
history. The political system is worsening the problems of the 
indigenous population and the peasantry ... the current devel- 
opment model is leading us to intolerable levels of violence."^^ 
As the suffering among the poor increases, the commitment of 
the Catholic Church clergy to socjial reform is a!so increasing. 

The Catholic church has alsg^teken up the issue of land 
reform in the United States. In ^Minnesota, the church has 
organized seminars on land ownership among farmers to dis- 
' cuss *'Stranpers and Guests," a position paper that derives its 
title from a statement in the book of Leviticus. "Land," the 
passage reads," must not be sold in perpetuity, for the land 
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' belongs to Me, and to Me you are only strangers and guests/*^^ 
This document is not only critical of absentee.owncrship. It 
also urges fanners to limit the size of their holdings to their 
needs. Invoking Jeffersonian values, these church-led discus- 
sions emphasize the value of rural living and of the famjly farm, 
and tiiey focus on the higher productivity oE smaller farms and, 
the need to limit consumption to essential needs. 

On the subject of endangered species, religtous leaders have 
been noticeably silent.. Yet the Biblical passages describing the 
flood and the Old Testament God's instruction to. Noah that 
not a single species was to be sacrificed call for a different 
response. Noah recognized no distinction between species of 
obvious economic value and the others. For modern-day Chris- 
tian theologians, the challenge is to update this original instruc- 
tion, bringing it to bear on the destruction of species and their 
habitats by continuing population growth and the needless 
pursuit of profit. v 

If church leaders choose to help shape values that arc con- 
sistent with a sustainable society, they have ample opportunity. 
From the pulpit, ministers can discuss the need for Christian 
stewardship in terms of limiting family size, simplifying life- 
styles, and recycling raw materials. They can outline the dan- 
gers of pollution and the threat that soil erosion and cropland 
conversion pose to future food suppjies. To practice what they 
preach, they could even establish car pools for those attending 
weekly services and other special meetings. 

^ Many social institutions have time horizons so short that 
they are irrelevant to some of humanity's most pressing prob- 
lems. The ultimate importance of religious institutions* role in 
the transition rests in part on the church's ability to compen- 
sate for that shortsightedness. If, lor example, political institu- 
tions and business organizations too frequently focus on the 
immediate future, the need is all the stronger for religious 
groups to think beyond the politicians* terms of elected office 
and beyond annual profit and loss statements. 
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As the world moves from the age of growth to the age of 
•scarcity, Christian theologiaf«^ being forced to rethink and 
reapply Christian values. In many cases, this means a reexami- 
nation of the interpreta^fons of earlier Biblical ac^monitions, 
such as tKe_conimandment to mankind to "have dominion 
. . . over everything that moves upon the earth." Jeremy Rifkin, 
author of ne Emerging Order: God in an Age of Scarcity^ 
points out that " 'dominion,' which Christian theology for so 
long has used to justify peoples' unrestrained pillage and exploi- 
tation of the natural world, is suddenly and dramatically being 
reinterpreted. Now, according to the new definition of domin- 
ion God's first instruction to the human aace is to serve as 
steward and protector over all of His creation."28' 

Many Christian scholars now argue that anything that ex- 
ploits or harms Cod's creation is both sinful and disrespectful 
— ^a far cry from, the materialist view of recent centuries. Rifkin 
observes that "as we run out of the.precious stock of nonrenew- 
able resources that allowed humans to catapult into the vast 
expanses of the Industrial age, the Protestant Reformation 
doctrine that provided that theological spark to keep the giant 
engines running is itself nearly spent/'29 Rjfkin glso invites. 
Christians and others with social consciences to consider the 
symbiotic relationship between Protestant Reformation theol- 
ogy and capitalism. "The Protestant Reformation was a driving 
force behind the economic expansion of the West. Capitalist 
development, in turn, helped institutionalize the so-called 
Protestant ethic as a world view." With this understanding, we 
may now be ready to replace materialism .vith a "Christian 
conservation ethic," one designed to accommodate the new 
realities. ^ 

While many religious groups are rethinking the meaning of 
the scriptures or putting their faith to the test of reality by 
actively working for a sustainable society, there is still strong 
resistance to necessary change in some Christian and Islamic 
sects. Within the United States, the Moral Majority is drum- 
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ming up supDort for 'values that are incompatible with a sus- 
' raiSsociety--matcrialism an^^ to s^^^^^'- ~ 

' Paralleling this resurgence of fundamentalism m North ^me^' 
f^t Snce !i Islamic f^ndamenta ism m the M. d^^ 
In Iran the Ayatollah Khomeini is trying to deny political 
^tiS or ^om?«^and is calling for a more aggressive posture 
Semational affairs, a hark back to Islam's early days of the 

"For^;aldy>^^^^ 

all rew^entat ive of most Christians or Moslems. In a tmie of 
tmXmany of the .eouiitc^ntell^tual le^^^^^^^^^^^ 
established religious community are beginning to wrestle witn 
The dSt moral issues irhbedded in the quest for a soae y 
hat wni endure. Whether they can move quickly enough to 
prplil the leadership traditionally expected of them remains 
to be seen. 

Universities: Getting Involved 

Since 'universities engage in both research ^"^ <=du<^tion they 
ran Dlav a key role in the transition to a sustainable society. 
WhS Lme new knowledge will be needed, the oyerr.d.ng 
need is to bring existing knowledge to-bear in P^^^^^^^^^^^ ^ 
on the transition. Using their research capacities to aid local 
lernrlr sand citizens' groups in land-use p anning, maten- 
Is ecS^ energy conservation, and the dev^o^^^^^^^^ 
locll renewable resources are but a few examples ot wha coi 
S and unWersities can do to answer the proverbial call for 

. in^itutn «n do to prepare us for the future an o prepare, 
a better future. As noted earlier, the University of Saskatchc 
wan's Dep rtment of Mechanical Engineering in Canada has 
liied energy-efTicient homes.^o Quite possibly, these new 
hS-s^ enfrgy-efficient that they do not need furnaces- 
^iThelpTevotenize residential constniction in th temper- 
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ate latitudes. In the United States, the Harvard Business 
School embarked in 1972 on an energy research project to 
outline an energy strategy for the United States. The product 
6f iht\tcSox^,Ene}gy Future, demonstrated ronvlncingly that 
the principal components of an energy strategy for the United 
States should be. conservation and the development of renew- 
able energy resources,'^ A highly readable book that made the 
best seller Jist, Energy Future surprised many because its hard- 
headed economic analysis culminated in essentially the same 
conclusion that many environmentalists and advocates of le- 
, newablc resources h^d already reached. 

Another impressive example of academic mobilization to 
facilitate the transition exists in the Netherlands. In Amster- 
danv scfentific research shops have been organized by univer- 
sity scientists and. students for the benefit of environmental 
groups and neighborhood associations.'^ A committee of 24 
advisors, consisting of faculty members, students, and repre- 
sentatives of citizens' groups, regularly evaluates requests for 
assistance. Approved projects get assigncd^to one of the 50 
university-affiliated scientists who havfc volunteered their ser- 
vices. Following Amsterdam's lead, groups arc now being orga- 
nized in other Dutch cities. With some government support, 
these participatory research efforts are helping citizens' groups 
that are eager to sec a sustainable society emerge but that lack 
the scientific skills and research capability needed to take con- 
crete steps. 

A few U.S. schools arc also getting involved in local efforts 
to create a sustainable society. In Davis, California, for exam- 
ple, professors and graduate students analyzed ways to make 
local homes more energy-efficient. Tliough they were ar- 
chitects with little knowledge of the local climate, they decided 
to research and formulate a new building code. Eventually 
adopted by the city council, the code they devised reduces by 
half the energy used for heating and cooling in a typical house 
and yet does not significantly increase construction costs.'' 

If universities are to be centrally involved in the transition, 
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many will need to restructure their curricula. In some cases, 
this will require shifts in training— fewer nuclear physicists, for 
example, and more meteorological engineers. As needs become ' 
clearer, universities^may also need to create new fields of study. 
Syracuse Universit)^'s president, Melvin Eggers, notes that 
U.S. colleges and universities produce petroleum, mining'and 
.nuclear engineers but precious few energy engineers who can 
t . advise on an overall energy strategy. 

Along with restructuring course content, universities must 
1 also find new ways to present material. Education is presently 
geared toward' younger full-time students, but structuraljco^- 
nomic changes that are mherent in the transition will stimulate 
an unprecedented demand for adult education, part-time edu- 
cation, "and ''off-hours" lear^ing^activities on weekends, in re- 
treat settings, or in other concentrated formats that are com- 
patible with work or child-rearing. 

One early response to the educational needs of adults is the 
television-based school, the prototype for which is the Open 
University in the United Kingdom. Instead of living on campus 
and attending classes, students follow their lectures by televi- 
sion, question their tutors by telephone, and both submit their 
assignments and receive curriculum materials and teachers 
instructions by mail. Lectures are offered at all hours, permit- 
ting workers to arran'^e their studies around their jobs.^^ 

The Open University is particularly attractive because its 
course designers are less tradition-bound than most, cutting 
across disciplines as well as through ^e boundaries between 
the arts and sciences. One such course, ''Control of Technol- 
ogy," addresses the question of how to manage technology to 
better satisfy human needs. Open University instructor Walter 
Patterson indicates that those who take this course ary ex- 
pected to write a policy report on a real issue, one thar can 
"serve as a basis for active participation in the issue by a specific 
interest group/*^^ Projects proposed by students range from 
"increasing information available to the public on the use and 
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effects of food additives'' for the consumers' association to *'a 
feasibility study oiF a recycling enterprise in inner Lx)ndon' for 
a Labolir Party .branch/' 

* .China, too, has turned to television as a method of adult 
education. In Peking, a "television university" has an eriroll- 
'ment of some 20,000. Through this program, plus ''factory-run 
colleges" and "spare-time universities," some 69 million people 
are involved in a vast experiment in adult education.?^ The 
flexibility and size of this.system helps explain how China can 
train quickly 200,000 specialists in methane generation or to 
expand its small-scale hydroelectric generating capacity by sev- 
eral* thousand installations per year. 
^ The older and returning students whcr m^ke use of new 
educational opportunities will include not only those who pur- 
sue established interests bu^also those who want "retraining," 
either because they were left stranded as certain industries 
became obsolete or because new fields appeal to them. For 
example, retraining programs can help the hundreds of thou- 
sands of auto assembly line workers who face unemployment 
find^ork on assembly lines producing wind generators, solar 
collators, and photovoltaic-cells. As part of such a retraining 
effort, courses could cover retrofitting buildings to reduce com- 
mercial energy requirements or organizing firewood planta- 
tions, orchards, gardens, and local farmers' markefs. In comple- 
mentary "transitional" programs, agricultural colleges^ and 
universities could offer courses on the use of solar energy on the 
|arm, woodland management, solar economics, or the integra- 
tion of food, feed, and^uel production. Lx)cal utility officials 
might take an introductory course in the economics and engi- 
neering of wind power These are but a sampling from the 
syllabus the "transitional" university will offer 

To universities, the chance to^be on the frontier 0? economic 
and social change cannot help but be invigorating. As econo- 
mist Robert Heilbroner has said, young people who are bored 
with the existing educational establishment may "feel differ- 
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ently if they are offered an opportunity to work in research and 
development that has as its aim the renewal and reconstitution 
of this planet as a human habitat."^® This opportunity to take 
on the problems of the real world also enables universities to 
restmctuje their research programs and reverse the recent 
trends toward specializ^'tion and the fragmentation of disci- 
plines. The specialized research so essential to advancing the 
frontiers of knowledge should not be abandoned, but research 
on issues of use to policy-makers and communities should be 
increased. Within a more flexible institutional framework, spe- 
cial projects, institutes, or centers can be created specifically to 
address and to integrate issues associated with the transition. 
One such effort is the Center for Energy and Environmental 
Studies at Princeton University, whichTiaS within just a few 
years' produced several studies that are being used by policy 
makers at both the national and local level. 

The demands of the transition are in a sense demands upon 
our educational systems. Clearly, universities need to under- 
take more public policy-related research, to innovate with adult 
education, and to consider themselves as participants in social 
evolution as weil as tradition bearers. Whether retraining work- 
ers or introducing new perspectives and courses, universities 
will have an opportunity to play a broader, more comprehen- 
sive role than they have in the past. 

Public Interest Groups ^ 

If vested interests do not manage to slow or distort the transi- 
tion to a sustainable society, the thousands of public interest 
or citizen action groups now addressing the key issues will 
deserve much of the credit. The engine driving the process of 
social change, these groups— local or global, single-issue or 
multi-issoe— have emerged to fill a gap left between the profit- 
making private sector and government. 
The roots of the environmental public interest movement 
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trace to the wildlife preservation groups launched in the 
United States around the turn of the century. Among these are 
the Sierra Club (1892), the National Audubon Society (1905), 
the Izaak Walton League (1922), the Wilderness Society 
(1935), and the National Wildlife Feder^ion (1936). But the 
issues addressed by public interest groups now embrace every 
facet of the transition, including cropland preservation, the 
stabilisation of v^'brld population^ the conservation of energy, 
the preservation of threatened species, the recycling of waste 
products, the control of pollution, and the simplification of 
life-styles. Most groups concentrate their energies on research, 
public educatioji, and the lobbying of both elected and ap- 
pointed public officials. Some U.S. groups, such as the Natural 
Resources Defense Council and the Environmental Defense 
Fund, also engage in extensive litigation on behalf of environ- 
mental interests. 

Exactly how many citizen action groups operate at any par- 
ticular time no one knows. There are an estimated 10,000 to 
15,000 in the United States, most of tlK;m fitting into the 
broad categories of en\ ironmental, consumer, or neighborhood 
groups.^^ In Europe, there are up to 15,000 citizen action 
groups in West Germany alone.**^ Keeping tabs is difficult 
because groups come and go as issues surface and recede One 
group may be protesting the site selected for a nuclear genera- 
ting station, while another group may focus on the need for an 
auto-free pedestrian mall in a downtown area Some organiza- 
tions, such as the World Wildlife Fund, are international in 
scope, while others have spawned similar organizations around 
the world. Friends of the Earth, once exclusively a U S group, 
now has affiliates in 23 countries, including developing coun- 
tries such as El Salvador and Thailand. National groups have 
been formed in several Third World countries to tackle envi- 
ronmental problems just in. their own areas. The Environmen- 
tal Protection Society of Penang, made up of concerned Malay- 
sians in all walks of life, is helping focus attention on national 
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and local threats ranging from.river pollution to deforestation. 
And in Porto Alegre, Brazil, several hundred activists lauiiched 
Acao Deitjocratica Feminina Gaucha to look at the \yholesale 
destruction of Brazil's soils and rich forests by unhaltered com- 
mercial interests, as well as other pressing environmental issues. 

In the' United States, the allocation of resources devoted to 
various activities does not do justice to present-day needs. 
Wildlife preservation, the cornerstone of the public interest 
movement's origins, still commands a disproportionately large 
share of funds, educational efforts, and lobbying activities 
while solar energy, .cropland 'preservation^ and other newer 
issues are underattended. Ond^ay of remedying this imbal- 
ance is to broaden the -"terests df traditional wildlife-oriented 
groups. The appoiritmfciit of Russell Peterson, formerly chair- 
man of the U.S. Council on l^nvironmental Quality, as presi- 
dent of the Audubon Society signals one such effort. Com- 
menting on this appointment. Bayard Webster writes in the 
New York Times that "the National Audubon Society, long 
known for its activities in research iirthe^conservation of bird 
life, is about to change its featherejd^jnage to one that relates . 
more directly to the major scientific, social, and environmental 
problems that plague the"worid today.''^! Webster, also noted 
that under Peterson the 400,000-member organization is plari- 
' ning both to double its scientific staff arid to become more 
involved with problems related to population, energy, radia- 
tion, toxic chemicals, and natural resources. ^ 

Aside from the shifts in focus within the traditional wildlife 
groups there are changes afoot in some long-standing profes- 
; sional organizations that now recognize the need to help create 
a sustainable society. Typical of these is the Soil Conservation 
Society of America. A. D. Latornell of Canada, its president, 
recently stated that "the Society must become more active 
politically, not in a partisan sense, but in the matter of is- 
sucs.'"^^ Another society member, Melvin Davis, administratof 
of the Soil Conservation Service, added that "the days of 

3i'7 



if *^ < 

Tfc Instibtkiiu^^^ ' ^ :341 

'.coifnpkc^^^ croplands are oyer ... we have the 

^nipm epical resppn^^^ to avoid waste of our best farm 
rjwd^wge^^ economic gaihs.,'*^ 

Mthe .cig^ begin, an incredibly diverse array of citizen 
action groujps has emerged, ranging from the mass'^transit 
mbvemera in Paris to othe hug-the-trees movement in the 
^Himalayai^ The French group was borp in 1970 when 
Pamiah autmriti^^ announced a 16 percent increase in transit 
fares, yrtiich Would be followed by a 14 percent boost the next 
.year; In prot^tj the group took to the streets on three occa- 
sions,^ numbering an estimated 20,cxx) to 100,000'each time.^ 
While the Cartel, a political action coalition dedicated to re- 
versing the 1970 fare increase, failed to realize its immediate 
„g6al, it did begin to influence transportation policy. Most nota- 
bly, it got the'Paris Metro Authority to introduce the carte 
orange, a monthly transit pass that gives its holder the right to 
unlimited travel on buses, the metro, an3 the suburban trains 
within the greater Paris area. This pass haslproven exceedingly 
popular and is credited with shifting some 70,000 daily trips 
from automobiles to public transport. Also as a direct result of 
the Cartel's work, some 1 20 local comites des usagers have 
banded together into the Federation des Usagers des Trans- 
ports. 

Three years later and half a wodd away, another citizen^ 
protest movement took shape. Known as the Chipkb Andolan 
or/ the "hug-the-trees** movement, and founded by Chandi 
Pjrasad Bhatt in northern India in 1973, this grass-roots jeffort 
has profoundly influenced government forest policy. Before 
^ Bhatt organized the group, the cen'tralgovemment customarily 
auctioned off the cutting rights to publicly owned forest lands 
to timber merchants. Villagers were upset because the defor- 
estation borne of carelessness alid abuse was leading to exces- 
sive erosion and landslides in the Himalayan foothills, to in- 
creasingly destructive flooding on the plains below, and to a loss 
of local jobs in forest industries. In addition; local people 
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derived little benefit from the cuttfijg of the trees in their own 
community, ■ \ 

Failing in their effort, to elicit any response from the cehtral* 
government, villagers took matters into their own hands. 
Whenever the timber merchants entered the local communi- 
ties, people literally gathered about the trees and hugged them, 
thus preventing their felling. 5uring the years^sinpe 1973, the 
Chipko movement lias spread throughout northern India. 
More important, it has forced the central government to revise 
forest policies to benefit local communities. In addition, the 
Chipko movement has sparked extensive voluntary reforesta- 
tion efforts that are often superior to those designed by the 
government. 

The origins of these citizens' protest movements are often 
similar.^ According to Cynthia Whitehead of the Washington- 
based Conservation Foundation, citizens' initiatives reflect not 
only growing concerns about the environment and resentment 
of bureaucracies but also "deep rooted feelings of impotence 
and helplessness against powerful government and business.'"^^ 
Whether or not these citizens' organisations can bring about 
the needed changes quickly enough to avoid ecological collapse 
and social breakdown is not yet known. One thing, however, 
is certain, they have become a permanent part of the political 
landscape. 

More than a decade of intensive effort by environmental 
groups has yielded impressive results. For example, a coalition 
of U.S. environmental organizations led to the withdrawal of 
.Congressional support for the supersonic air transport. With- 
out such opposition, the United States might have found itself 
in^the sorry company of the Anglo-French consortium and the 
Soviets, whose ill-conceived ventures in supersonic transport 
wasted billions of taxpayer dollars and failed to produce a single 
sale to a commercial airline. 

Another major achievement of citizen protest groups has 
been the public reassessment of nuclear power. Until public 
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interest groupSiChallenged the feasibility of this energy source, 
."feovemments were committing countries to nuclear power 
while 'withholding much of the information essential to an 
objective assessment. Now attempts to open more ^nuclear 
facilities are being questioned and blocked as local and national 
environmental groups publicize the issues and the facts, mobil- 
izing the public. In West Germany, for example, grass-roots 
political activists have brought nuclear power development, to 
^ a halt. - ^ " ^ 

Some groups have turned their attention-to alternative en- 
. ergy sources. In Washington, D.C., the Sol^r Lobby was 
formed in late 1977 under the leadership of Denis Hayes to 
represent the public interest in the development and use of 
renewable ener^ resources. By May 3, 1978, the Solar Lobby 
had organized_Sun Day and had launched a national public 
education program in solar energy. Within two years the 
Lobby had over 30,000 members prodding reluctant bureau- 
crats to develop a variety of renewable energy options as quickly 
as possible.**^ 

Environmental and consumer groups have also played a key 
role in shifting U.S. electrical utilities to a least-cost path. In 
California, for example, the Pacific Gas and Electric Company 
was planning to build ten new coal or nuclear power plants 
until a court suit by the Environmental Defense Fund pro- 
vided an opportunity for EDF economist Zack Willey to ana- 
lyze the utility's plans. His analysis, based on PG&E's own 
data, demonstrated not only that nine of the ten proposed 
plants could be replaced by utility inyestment in solar equip- 
ment and insulation at a lower cost to consumers, but also that 
taking this alternative approach would earn the utility higher 
profits.'*'^ As a result of the EDF analysis in California, which 
brought to the fore the changing economics within the utility 
industry, utilities elsewhere in the Umted States are reassessing 
their long-term plans. ^ V 

On the population front, family planning associations 
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around the world have been struggling since Margaret Sanger's 
day to ensure all women access to birth cdhtrol. information 
and services. One key group in these lobbying efforts has been 
the Population Crisis Committee, which fought for a special' 
ized UN agency to focus on the population threat. Under the 
leadership of Genenl William Draper, the Committee lobbied 
governments everywhere to create the United Nations Fund y 
for Population Activities. The spectacular growth in the/ 
UNFPA under Rafael Salas, directofof the Fund from ijs 
inception, represents one of the United Nation's preat success 
stories. Were General Draper alive he would be impressed ^ith 
the scope and the scale of UNF'PA activities, ranging from a 
major project to help China conduct its 1980 census with the 
aid of computers to the provision of contraceptives for Egypt's 
family planning. program. ,/ • 

" The faster society has to change, the greater the need for 
public interest groups to spur the change.. In a world'of strongly 
vested interests, public interest groups provide a counterbal- 
ance. Oft'en more responsive than government or business to 
the needs of the poor or the powerless, they can move quickly. 
Whether in an educational or activist role, ^fhey are in many 
ways the engine that is powering the trahsjiion. 

/ 

The Communications Media , / 

'If the transition is to occur rapidly enough to minimize severe 
economic dislocation, the communicatioris media must play a 
major role. Their task will be to disseminate information on the 

. need for change as well as ideas on how to make the various 
adjustments that sustainability calls for. They will be the vehi- 
cles for the education and re-education/of adults and the pur- 
veyors of the concepts vital to a sustainable society: energy 
efficiency, biological carrying capacity/ and replacement-level 

fertility. ! 

Books stand to play a vital role in the transition since they 

i /' 
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contain the basic analyses of issues on which the print and 
electronic media rely. The emergence of the modern environ- 
mental movement itself dates to the publication in 1962 of 
Rachel Carson's classic Silent Spring, '♦s This book created a 
widespread awareness of the potential threat of toxic chj^micals 
to life, and its publication led directly to new laws regulating 
the use of toxic materials, especially pesticides. 

Good books on important global issues get translated and 
published throughout the world. At least a half million copies 
of the English edition oi The Limits to^Growth are in print, 
for example, and it is available in about 30 languages, with over 
two million copies iniirculation.**^ This Club of Rome study, 
which challenged the notion that rapid industrial growth could 
continue indefinitely, served as the focus of a debate that 
continues nearly a decade later. Similarly, U.K. econom^t E. 
F. Schumacher's Small is Beautiful, which questioned whether 
bigger is necessarily better, received a worldwide distribution 
^ when it made the best seller list, and altered the way people 
think about technology and the economies of scale ^P Occa- 
sionally, an article can have as much impact as an important 
book. Soft Energy Paths, by physicist Aniory Lovins, which 
first appeared as an article in the October 1976 issue oi Foreign 
Affairs, profoundly influenced thinking on the desirable direc- 
tion of future energy development. 

Periodicals of all sorts, whether daily newspapers, magazines, 
journals, or newsletters, can help inform ihe decisions and 
shape the policies that lead to a sustainable society Newspaper 
editors attuned to the issues have unique access to information 
and unique responsibilities related to that access. By running 
guest articles and opinion pieces, editors can both provide a 
forum for a reasoned public exchange of contrasting views and 
exploit the knowledge and expertise of those who do not regu- 
larly write for newspapers. In fact, leading newspapers are 
relying less on syndicated columnists and more on solicited or 
contributed pieces to fill their op-ed pages. Magazines and 
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4QUtna!s_can_^so tacilitate the transition. In Washington- 
D.C., ScienceT^^y^^^^^ educated 
reader, provides. a continuous flow of artidST)y eminent^e— 
searchers. One of its major contributions is that the magazine 
deals with "cutting edge" issues, such as soil erosion and altey- 
native energy sources. Widely read in the international scien- 
tific community, Science has a global influence. 

One interesting indicator of the move toward sustainability 
is the recent appearance of specialized periodicals on various 
aspects of the transition. In the United States, Solar Age has 
quickly become the dominant magazine in the field of renew- 
able energy, with a circulation that reached 40,000 in 1980 and 
was expanding rapidly . Famille et Developpement, a magazine 
published in Dakar for distribution throughout French-speak- 
ing West Africa, is a good example of the role^that can be 
played by the new periodicals. It deals with issues surrounding 
the family, and one of it» most widely read features, a question- 
and-answcr page on sexuality and sexual problems, introduces 
readers to family-planning practices and contraceptive technol- 
ogy.^ Filling an obvious, need in countries where people are 
sta^ivcd for information on human sexuality, this innovative 
journal quickly acquired a broad readership. Beyond these spe- 
cialized periodicals, a number of American magazines that try 
to deal with the range of life-styles in a sustainable society have 
appeared on the newsstands over the last few years. With 
names like ^ewAgey Sustenance, New Roots, Living Alterna- 
tives, and Mother Earth News, they seem to have tapped a 
growing market for information on how to live simply. The 
commercial success of magazines like Solar Age, Famille et 
Developpement, and the others bears witness to the role pe;i- 
odicals can play during the transition. 

Periodicals need not be commercially available to wield in- 
fluence, however. The newsletters and magazines of some key 
public interest groups have become important sources of infor- 
mation for policymakers. Soft Energy Notes, for example, pro- 
vides high-quality summaries of major research reports on re- 
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newablc energy sources. Published by Friends of the Earth in 
San Francisco, both its coverage and circulation are worldwide. 
Peoplcy published by the International Planned Parenthood 
Federation from its London. headquarters, is well known as a 
key source of current information on international population 
matters] T 

Also vital in the rapid dissemination oFififormation that can 
speed the transition will be the wire services, which link the 
print and electronic media throughout much of the world. 
Although originally designed for use by newspapers, they also 
now provide much of the material for electronic news broad- 
casting. The principal wire services ace Associated Press (AP), 
United Press International (UPI), Reuters, Agence France- 
Prcsse (AFP), German News Agency (DPA), and the Spanish 
News Service (EFE). In recent years, a Third World news 
agency Inter-Press Service (IPS) has been added to this list. 
''Over the wire'' news of a newly discovered carcinogen or a 
new technology for converting sunlight into usable energy can 
now encircle the globe withi^24 hours. 

Television and radio have become important sources of in- 
f6rmation throughout the world. Radio is by far the more 
widespread medium. Indeed, radio is accessible to people al- 
most everywhere. An investment of a few dollars in a transistor 
permits isolated Third \\ orld villagers to tap into the interna- 
tional information network, becoming part of what Marshall 
McLuhan dubbed the "global village."^^ Since television can 
transmit pictures as well as words, its impact can be greater 
than radio. Besides presenting news, television documentaries 
or specials can with great force present problems and ideas that 
lead to action. Within the United States, a CBS documentary 
shown in the raid-sixties profoundly influenced the future 
shape of public food-assistance programs. ''Hunger in Amer- 
ica" raised public awareness of the persistence of malnutrition 
in an affluent society and it led to a shift in budgetary priorities 
in Washington. 

Both television and radio have the capacity to disseminate 
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information quickly at the international level and skills at the 
local level. If, for example, a documentary showing the devel- 
opment of small-scale hydroelectric power in China were 
shown in North America or in Europe, it could sharply acceler- 
ate development of this new energy source in the West. Used 
in literacy instruction, agricultural improvement programs, and 
family-planning campaigns, television can compensate for a 
lack of teachers, teaching materials, and time. 
Unfortunately, communications hardware is rhuch more de- 
' veloped than the^spftwarejn most parts of the world,^nd a lack 
of good programming constTamTlhe full-exploitatiojLof^r^^ 
technologies. Yet, some governments have learned how to use 
television and radio effectively for educational purposes. In 
Costa Rica, where 46 percent of all family-planning expendi- 
tures are devoted to education and information services, radio 
is. credited with some of the nation's success in rcuucing the 
birth rate by 40 percent since 1960." A nationally broadcast 
daily radio program, Dialogo, is believed to reach one-seventh 
of Costa Rica's 2.1 million people, including Mllagers in remote 
rural areas. 

A successful transition to a sustainable society will require 
the most massive adult-education program ever launched. 
This, in turn, will shift part of the responsibility for educarion 
from thq formal educational system to the communications 
media. For better or worse, the educators of the future will' 
include newspaper and magazine editors, radio newscasters, 
and TV producers of news and documentary programs. These 
professionals may not be prepared for their new role, and they 
may not wish to assume it, but circumstances leave thern little 
choice. 
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A\{xcs arc the key to the evolution of a sustainable society not 
only because they influence behavior but also because they 
determine a society's priorities and thus its ability to survive. 
/Values/' says environmentalist Tom Bender, ''are really a 
/ complex and compact repository of survival wisdom— an ex- 
' pression of those feelings, attitudes, actions, and relationships 
that we have found to be most essential to our well-being."^ 
Over time, values change as circumstances change. If they did 
not, society would not long endure. 

Perhaps some among the now extinct iMayans recognized 
that the foundation of their society's strength was eroding with 
the sofl from their fields. But their value system did not adapt 
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in time to turn the new information into new valji^C priorities, 
and programs. Will ours — now that we know .that we too are 
on an unsustainable course? 

Before us now is \hc opportunity to adjust our values accord- 
ing to our changing perceptions of our world and our place in 
it. Of necessity, the path to sustainability will be littered with 
cast-off values. Materialism, planned obsolescence, and a desire 
for large families will not survive the transition. But they will 
not leave a void. Frugality, a desire for a harmonious relation- 
ship with nature, and other valuer compatible with a sustain- 
able society will take their place. \ • 

Values in Transition 

in many industrial countries, and in those parts of developing 
countries that can afford to emulate them, materialism appears 
to have supplanted more profound social ethics — those posited 
on survival, personal growth^, and ecological harmony. The 
danger is thai the acquisition of material goods will eventually 
cease to bear any direct relationship to human need. The 
ultuTiate goal of survival is suborned by .that of consumption. 
(See Table 13-).) Individual identity becomes equated with 
the accumulation material possessions, social progress, with 
the growth, of the GNP. Indeed, in affluent nations, the quality 
of hfe becomes confused with an ever-expanding consumption 
x)f goods and services. 

None of the political philosophies dominant today embraces 
the values essential to a sustainable society Indeed, as scientist 
Bruce Murray noted in an address to theologians, "Capitalism 
and Marxisjm hav£one thing very much in common, they both 
presume that man*s fundamental needs are material ''^ Murray 
behoves that for this reason both fall short Whether capitalist 
or socialist, materialism is neither sustainable nor satisfying 
over the long term. The survival of civilization depends on 
pragmatic, not ideological, responses to the forces now under- 
mining it. 
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Table 1371. Value' Contrasts in Pretransitional and Transitional* ^ 
, Societies 

i ■ Pretransitional Transitional 



Organizing Principle. . Materialism 
of Economy ' * 

Nature of Product 



Relationship to 
Nature 

Scale 

Spccd^ 
Specialization 

Determinants ot 
Status ' 
Childbearing 



Planned obsolescence; 
tluowaway mentality 

Domination of nature 

. 'fiigger is better 

• Let's go faster 
Ke>' to efficiency ♦ 

A 

Material posse$sio?is 

Taken for granted, 
' virtiiallv automatic 



Sustainability 

Durability, high 
quality engineering 
and design ' 

Harmony with nature 

Smaller has a place 
too 

Where are we going? ; 
» 

Increases de^tidency, 
leads to borii^ work • 

Personal development, 
social contribution 

Optional^ to be given 
icrious thought 



Source World\\:alch Institute 



Ironically, some of the values that have contributed to 
human survival over t^ last few million years, such as acquisi- 
rtiveness and the desir^or many children, are precisely those 
that now threaten surf^. Acquisitiveness, a peculiarly human 
trait, may have served society well in earlier times when the 
margin of survival was thin. Continuoil&childbearfng through- 
out the repibductive life-span Was also undoubtedlj;»akey factor 
in the survival of the species. But tiow circumstances ^re chang- 
ing flhd*as they do, so must values. • ^ • 

The challenge to materialism is scarcely new. Historiari^rl 
nold toynbee notes that while Jesus, Buddha, j^o-Tse, and 
other spiritual guides disagreed about many tWngs, they all 
agreed on the emptiness of materialisih as^n emical precept 
They all believed that "the pursuit of material wealth i$ a 
wrong ajm," and that "we should aim only at the^inimurp 
wealth needed to maintain life; and bur main aim should be 
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spiritual. They all said with one voice that if we made material 
wealth our paramount aim, this would lead to disaster. They 
aii spoke in favor of unselfishness and of love for other people 
as the key to happiness and to success in human affairs/'^ 

The displacement of spiritual goals by the drive to accumu- 
late wealth has.its origins in the belief that man is separate 
from nature, and its master. Carried to extremes, this attitude 
has led to the abuse of natural systems and resources. It has 
blinded economic planners to the need to acknowledge na- 
ture's carrying capacity and degenerated into license in corpo- 
rate decision-making. Yet only when this ultimately self- 
destructive belief is overturned and, as social analyst^Willis 
Harman puts its/man is seen as an "integral part of the natural 
world, hence inseparable from its governing processes and 
laws " will "a sense of the total community of man and respon- 
sibility for the fate of the planet" mesh with self-interest and 
the "interests of fellow man and of future generations.'*^ 

If we begin to see ourselves as "an integral part of the natural 
world'' in^teadof apart from it, then many complex issues will 
quickly resolve themselves. For instance, some public debate is 
focused on whether an environmental ethic is desirable. In 
fact, it is not optional. Without an environmental ethic that 
preserves the biological and agronomic underpinnings of soci- 
ety, civilization will collapse. 

A world that now has over four billion human inhabitants 
desperately needs a land ethic, a new reverence for land, and^ 
a better understanding of the need to use carefully a resource 
that is too often taken for granted Civilization cani?ot survive 
a continuing erosion of the cropland base or the endless conver- 
sion of prime farmland to nonfarm uses. Agronomist R, Neil 
Sampson observes that "if land and land use are to be a battle- 
ground, then facts, trends and ideas must be the major weap- 
ons. The new land ethic must be a product of education and 
social evolution." ^ ... 

Over the last century, changing conditions in the industrial 
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countries, particularly the decline in infant mortality, have 
altered attitudes towards family size, and as values have 
changed, birth rates have fallen. With 90 percent of all babies 
born in the world now surviving to adulthood, stabilizing world 
population will require an acceleration of that process in many 
countries.5 As with other values, the key tQ. spurring changes 
in attitudes toward family size as information- In China, this 
has taken the form of a population-education campaign based 
on data on reduced infant mortality and on careful calculations 
of such things as the amount of cropland per Chinese today 
compared to what it will be a generation or two hence if birth 
rates are not sharply reduced. A similar educational effort is 
being launched in Bangladesh. 

At the individual levJ, value changes are translating into 
shifts in public policies and governmental priorities. For exam- 
ple, greater investment by governments in more energy- 
efficient public transportation reflects a desire to maintain per- 
sonal mobility even as liquid fuel supplies dwindle. Mandatory 
investment in pollution controls to protect biological systems 
and'huinan health represents a shift from the*"growth at any 
cost** school of thought. 

Changing values are leading not only to changes in individ- 
uat behavior and to shifts in public priorities but also io changes 
In corporate decision-making as well As noted earlier, some 
corporate managers have consciously sacriFced growth in out- 
^ put in order to ensure the sustainability of their enterprises 
More often than not such shifts reflect perceived self-interest 
rather than a deliberately adopted social consciousness, but the 
/ result is the same in either case. 

At a more personal level, corporate behavroralso reflects a 
change in values. During the sixties and much of the seventies, 
U.S. corporations often moved promising young executives 
from one location to another as a result of promotions or as part 
of executive-training programs, with little thought of the per- 
sonal consequences. The end result was a highly skilled execu- 
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tive with .a family life that was often in ruins. Children grew 
•up rootless'ancl without long-standing friendships. As the social 
cost of such policies became apparent, more and more em- 
ployees declined promotions in favor of a more stable family 
life and a strengthened^ sense of community. This same aware- 
ness of social costs has led Jo a growing reluctance to relocate 
corporatfe headquarters for strategic reasons. The Wall Street 
Journal reports that a iqarked slowdown in corporate headquar- 
ter shifts has occurred^t^cause "companies are examining more 
closely the suppose<i*benei5ts of moving their headquarters ^nd 
weighing them more critically against the costs," This is but 
one of many -indications that the pursuit of materialism is 
beginning to recede somewhat in the face of a wide reassess- 
ment of values.^ ^ 

Voluntary Simplicity 

One alternative to materialism is wHat is often described as 
voluntary simplicity. By definition, it is an option only for those 
who are affluent, whether in the industrial countries or the 
Third World. Put simply, to practic voluntary simplicity is to 
acquire goods only to satisfy basic needs and to seek a high 
satisfaction in personal development, in human relationships, 
in intellectual and spiritual growth. 

Adherents of voluntary simplicity, those ^vho content them- 
selves with no more than they need, can now be found in 
significant numbers in most Western industrial societies and in 
some other societies as well. Deliberately abandoning the fre- 
netic pursuit of materia] goods in favor of a simpler life-style, 
they are involved in recyclmg, home gardening, biking to work, 
and the rebellion against conspicuous consumption and 
planned obsolescence. 

Various public opinion surveys indicate that Americans are 
aware of the need to simplify life-styles.'^ A 1976 Roper poll 
found that over half "of all Americans believe that it will be 
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necessary to ''cut way back'' on consumption to conserve re- 
' sources and keep the economy strong. An earlier Harris poll 
had found that 92 percent of Americans were willing to elimi- 
nate annual model changes in automobiles if doing so would 
• reduce consumption of raw materials. A similar percentage was 
willing to dispense with annual fashion changes in clothing. 

Those who are voluntarily simplifying their life-styles are 
^found largely among the middle and upper income groups in 
the United States and northwestern Europe, particularly in 
Scandinavia.^ Within the United States, the Stanford Re- 
search Institute estimates that some four to five million adult 
Americans practice the philosophy of "less is more,'' and an 
additional eight to ten million Americans have accepted at 
least' some of its tenets. In Norway, a poll revealed that 74 
percent of those interviewed 'Svould prefer a simple life with 
no more than essentials to a high income and many material 
benefits if these have to be obtained through increased stress."^ 
The desire to acquire material goo^s beyond basic needs may 
imply personal insecurity. Conversely, those who have volun- 
tarily abandoned materialism tend to be better educated, more 
independent, and more successful than those who continue to 
cling to the shopworn creed. At any rate, voluntary simplicity 
is clearly more than a fad. As one observer notes,' "Its roots 
reach far too deeply into the needs and ideals of people every- 
where to be regarded as a transitory response to a passing 
societal condition."^ Most important, it permits the develop- 
ment of the inner self when outer growth is no longer possible. 

Perhaps 'more than any other ethic, voluntary simplicity 
reconciles the needs of the person, the community, the econ- 
--omy,-and-the-environment. .lt is a response to, the emptiness 
of materialism. It answers questions posed by resource scarci- 
ties, ecological stresses, and mounting inflationary pressures. 
Practiced by significant portions of society, it may also relieve 
alienation and assuage the international conflicts associated 
with competition for scarce resources. 
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c Conspicuous Frugality * 

In a society where wealth and material possessions confer sta- 
tus, consumption that is excessive and highly visible communi- 
cates that status to others/But where frugality and the careful 
use of resources arev'alued, conspicuous frugality also carries a 
message. Among young people, particularly those in the upper 
middle class in Western industrial societies, conspicuous fru- 
gality is political as well as economic. In opting for frugality, 
whether manifested by less formal clothing, simpler dietary 
habits, or ajtered modes of transportation,. it has become possi- 
ble to align personal choice with a common cause. At a time 
when values are shifting rapidly, this alignment is welcome 
indeed, particularly since many people have not yet recognized, 
much less come to grips with, the n^ed for such a shift. 

Of course, some changes are obvious. Throughout much of 
the gos^twaLReripd,JorJnstance^^ relationship between the 
size of one's automobile and one's status was more or less direct 
— the larger the car, the higher the status. In recent years, 
however, the mention of the purchase of a new car almost 
invariably leads to a ^discussion of its fuel efficiency. For many, 
the more fuel efficient the vehicle, the greater its value as a ' 
status symbol. In an earlier period the focus would have been 
on the car's speed, power, and extra amenities. 

Closely related to conspicuous frugality is what might be 
described as conspicuous self-reliance. In the revival of home 
gardening, bicycling between home and work, and interest in 
reducing heating fuel use is the opportunity to substitute irige- 
.nuity~for-.money and the more enjoyable forms of labor for 
str-essful activities. Here, too, new status accrues to those who 
most dramatically reduce their heating bills by installing insula- 
tion, resetting thermostats, or deciding not to live in the largest 
home*they can possibly afford. 
What looks to be the coming of wisdom at the household 
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level seerns to have an international Counterpart. Now, when 
Western political leaders gather at summit conferences, they 
sound a bit like homeowners as they talk about reducing na- 
iiQDaJ__gnergy^ onsumption. In fact, among the nations that 
consume the most energy, ThTcompclitionirto-see-who-c^n 
become the most efficient, the most frugal. In the 198b elec- 
tion campaign. President Carter boasted of the one-third re- 
duction in U.S. oil imports that took place during his adminis- 
tration— a far cry from President Nixon's belief that 
Americans should be proud of their high energy consumption 
—and industrial nations are now challenging each other to 
reduce national per capita energy consumption. 

Political leaders may practice conspicuous frugality as a 
means offsetting an example for government employees. When 
Jerry Brown was elected governor of California, he declined to ' 
move into the mansion that had been built by his predecessor, 
choosing instead to live in a modest apartment. He also opted 
"for a small automobile in place of the customary large limou- 
sine. In so doing, he indicated to all California civil servants 
that they were expected to use tax payers' mpney with care and 
frugality. , . * v 

in Tanzania, President Julius Nyerere followed a similar 
strategy when oil was in short supply in igy^^when he urged- 
his cabinet members to commute to work on bicycles io order 
to conserve gasoline. While bicycle commutifjg by a handful 
of cabinet members would not itself save much oil, it would 
underline the need to conserve gasoline for thb populace at 
large. 

Already, changing values are being commercialized While 
this is unsettling for those who embrace conspicuous frugality 
as a means of rescuing spiritual life from the suffoci\ting influ- 
ence?of commercialism, at least appeals to these new values 
indicate how widely accepted they have become For example, 
an advertisement for an imported sports car with high fuel 
efficiency ends with the line, "It's getting downright embar- 
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rassing to be seen driving those gas guzzlers."^^ As commercial- 
ization of the new values proceeds, an additional set of energies 
is harnessed to assist the transition. 

Equity: The Two Dimensions 

In the transition to a sustainable society, questions of equity 
take on new importance. As the overriding emphasis on growth 
gives way to a greater emphasis on sustainability, evadhig the 
/issue of the distribution of wealth both within and among 
societies grows increasingly difficult. Meanwhile, the extraordi- 
nary claims on the earth's resources by our generation are 
escalating, raising, the question of intergenerational equity' 

As loDg as national economies were expanding steadily, the 
affluent and powerful could always rationalize that since the 
economic pie was expanding, everyone would eventually get 
more. Bnt as the growth in the production of material goods 
Snd services slows, or even levels off and declines, the distribu- 
tion issue must be \ iewed against a new backdrop, one unfamil- 
iar to our generation. With the econoniic pie no longer expand- 
ing, it becomes more difficult to dodge the question of how the 
pie is being distributed. 

As world population moved from three billion to four billion 
and beyond, the production of many essential commodities fell 
behind population growth. When the production of a particu- 
lar commodity is not expanding more rapidly than population, 
if some. of us consume more, others must necessarily consume 
less. While this has occurred locally in the past, our generation 
has yet to come to grips with global scarcities since throughout 
our lifetimes the overall production of virtually all major coa^ 
modities has expanded faster than population. 

With this change in production potential, pressure to formu- 
late economic and social policies with basic human needs in 
mind no doubt increase, even though formulating accept- 
able policies in this context is far more complex and politically 



\ difficult than it was with the old growth approach and its 
underlying theory that a rising tide raised all ships. As econo- 
mist Herman Daly perceptively observes, turning our focus to 
meeting basic human needs will **make fewer demands on our 
environmental resources, but much greater demands on our 
moral resources/' \ 

The sweeping adjustments involved ik the transition will be 
more easily made in socially cohesive societies — societies, that 
is, in which a culture is shared and wealth and opportunity are 
broadly distributed. Experience indicates that most people are 
willing to make adjustments if they are coriyinced that the 
need to do so is real and that others -are doin^ their part By 
the same logic, societies in which the richest fiftnsof the popu- 
lation has an income level 20 times as great as th^poorest fifth 
can expect transitional adjustments to be painful, if iM violent. 

Social cohesion is bound to increase if materialism isgradu- 
ally abandoned as a social and perso^ goal among the afiRuent. 
Indeed, setting our sights on what Carter Henderson describes 
as enough rather than more both reduces pressures on natu^l^ 
systems and resources and increases our ability to act in concert 
at crucial moments. If the shift among the world's affluent 
away from material acquisitions to personal development gains 
in force, then the differences in material consumption levels 
will steadily diminish. 

Even while wrestling with the issue of equity among our- 
selves, we arc now faced with the issue of intergenerational 
equity. In many ways equity among generations is more diffi- 
cult to deal with because generations yet to come aie not 
represented in the bargaining over resources. All too many of 
our generation have adopted consumption patterns that reflect 
little concern for future generations. To paraphrase a UN 

" report, we have not inherited the earth from our fathers, we 
are borrowing it from our children.^'* 

The danger that our generation will consume so much of the 
earth's resource base that little will be left to sustain our grand- 
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children is a matter orHsiiig^nccm-JV^ithjnjc^ and 
other communities. A National Academy of Sciences stxrdy-on - 
energy reports that "we are exhausting fossil fuels, ruining soil 
fertility, unbalancing ecosystems, and distorting human values 
and institutions in the greatest energy-spending spree of all 
times, at the expense of future generations." Willis Harman 
underlines this danger, pointing out that existing techniques of 
economic analysis are not adequate for evaluating the future. 
He urges. a shift "from discounting the future by economic 
logic toward direct involvement .with the welfare of future 
generations." 16 This theme is also taken up by system analysts 
J0rgen Randers and Donella Meadows, who observe that 
"western man's personal and social values evolved in the con- 
text of an apparently infinite world where obtammg more or 
everything today was not inconsistent with having more tomor- 
row as well Thus, his ethical system. is poorly suited for guiding 
him in a period when short-term gains often entail long-term 
sacrifices and vice versa.'' Obviously, the same holds true for 
non-Webterners who have embraced the materialist creed. 

Some societies have begun to consider the welfare of future 
generations in contemporary decision-making. While concern 
with the exhaustion of fossil fuel reserves has led to efforts to 
conserve energy in many industrial societies, China is begin- 
ning to consider intergenerational equity in population and 
childbearing policy. Government documents and public dis- 
cussions stress the fact that whereas parents traditionally have 
had children to ensure their own security in old age, from now 
on having too many children will undermine the quality of life 
for future generations. As noted earlier, by projecting man-land 
ratios over the next generation, Chinese leaders help prospec- 
tive parents understand the implications of their childbearing 
decisions for their children and grandchildren. 

In considering actions that would facilitate the development 
of preindustrial societies and further the transition to a sustain- 
able society, concern with international and intergenerational 
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equities intersect. AccordiiJg to the National Acadeniy of 
Sciences energy study, "Countries that begin their develop- 
ment processes later than others will be enormously disadvan- 
taged by the earlier squandering of fossil fuels and a higher 
aLleYdc[fj)rices."^® This in mind, a strong case can be 
made that dwindImg~oit reserves should_bisaved for societies 
that are still struggling at the subsistence levels. WitKpTefcren- 
tial access to the remaining oil, they would be better able to 
satisfy basic fiuman needs, particularly in such key areas as food 
production. 

Apart from the depletion of oil reserves, the current produc- 
tion of radioactive waste poses a serious threat to intergenera- 
tional equity. To our children and theirs, for generations, the 
carcinogenic by-products of our seemingly insatiable appetite 
for energy will be an economic burden and a threat to health. 
Whatever the unique problems of successive ages turn out to 
be, they will be in addition to this dark legacy. 

The issues of equity confronting our generation, both inter- 
national and intergenerational, appear to be far more complex 
than those faced by any preceding generation. Although inter- 
national inequities in wealth greNv rapidly with the onset of 
industrialization, much of the absolute gap in wealth among 
societies has developed only since World War II. Where inter- 
generational inequity is concerned^ earlier generations did, in 
some situations; deprive succeeding generations of forests or 
soils, but none had the potential for doing so on a global scale. 
Our generation is the first to have the potential for inadvert- 
ently altering global climate or for creating a radioactive waste- 
land that will affect generations to come. 

Rede fining National Security' 

As national governments begin to focus more explicitly on the 
transition, many will find traditional concepts of national ^ecu- 
, rity challenged. Since World War II, "national security" has 
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acquired an ovt -whclmingly military character. Underlying ;] 
this definition is the assumption that principal security threats j 
come from other countries. Yet, the threats to security* may 
now arise les^ from the relationship of nation to nation and : 
more from the relationship of humanity to nature. For many 
countries, desert encroachment or soil erosion' may do more to 
undermine national survival than invading armies could. 

Even though rapid population growth can destroy z coun- 

try's ecological system and social* structure more effectively 
—than^ajoreign adversary ever could, national government ex- 
penditures oin population education and family planning fail to 

reflect this fact. Countries spend large sums on-tanks and. 

planes tg^defend their territorial sovereignty, but little or noth- 
ing to protect the topsoil on which their livelihood depends. 
National defense establishments are useless against these new 
threats. Neither bloated military budgets nor highly sophis- 
ticated weapons systems can halt the deforestation or solve the 
firewood crisis now affecting so many Third World countries 
The erosion of soils, the deterioration of the earth's basic 
biological systems, and the depletion of oil reserves now 
threaten the security of countries everywhere. Ecological 
stresses and resource scarcities have already given rise to eco- 
nomic stresses— inflation, unemployment, capital scarcity, and 
monetary instability. Ultimately, these economic stresses will 
translate into sociafl unrest ^d political instability. 

Regrettably, nonmilitary threats to a nations security are 
much less clearly defined than military ones. Because the pro-- 
cesses that ultimately lead to the collapse of biological systems 
are gradual and cumulative, they are too seldom given much 
thought until they pass a critical threshold and disastcTstrikes. 
' ^ For this reason, it is easier for government councils of develop- 
ing countries to justify expenditures for the latest model jet ^ 
fighters than for family planning, which could alleviate the 
population pressures that are leading to the deterioration of 
their croplands. 
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If military threats are considered in isolation, the military 
strength of adversaries or potential adversaries can be measured 
in terms of the number of men under arms and the number 
and effectiveness of tanks, planes, and other military oquip- 
ment. For the superpower strength is also measured m nu- 
clear warheads and delivery- missiles. Given the desire always 
to be stronger than one s opponent, those fashioning the mili- 
tary budget can argue precisely and convincingly for a hea\7 
commitment of public resources to weapons. 

Unfortunately, few governments are capable of weighing 
traditional military threats against those of ecological and eco- 
nomic origin. In part, this is due to an information gap. While 
reams of data cross the desks o'f national political leaders and 
their advisers, little of it has to do with the health of the earth's 
ecosystefn; indeed, we have only recently begun to perceive the 
consequences of ecological msecurity,*much*less nieasure and 
monitor them. 

Assessing and understanding these new threats to national 
security will challenge the information-gathering and analytical 
skills of governments. While intelligence agencies are orga- 
nized to alert political leaders to potential milit^y threats, 
there is no counterpart network for warning of the collapse of 
a biological system. Nations must begin to build such networks 
and to find people who can draw on many disciplines to analyze 
the information they provide. At prese^^t^ few individuals are 
trained to assess a di\ersity of threats, much less to translate 
such an assessment into policies for allocating public resource^ 
in a way that maximizes national security. 
, By focusing on military Ihicats to security, governments not 
only deflect attention from less obvious and more dangerous 
* threats. They may als(^make an effective response to new, 
nonmilitary threats more difficult. The military can absorb the 
budgetary resources, management skills, and scientific talent 
that are needed to respond effectively to the emerging nonmili; 
tary threats, and few cou'^tries have enough investment capital 
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available both to finance the arms race and to transform their 
petroleum-based^ economy to a solar-based one. Ultimately, 
continuing to spend heavily on new weapons systems rather 
than on new energy systems may itself become a threat to^ the 
security of nations. Ironically, as Isaac /S^mov has pointed out, 
the world may no longer have enough oil to wage a large-scale 
com entional war. There may no longer be enough liquid fuel 
to operate both tanks and tractors. 

For governments everywhere, the economic slack is disap- 
pearing, the choices are narrowing. A vast amount of scientific 
talept i»*needed to develop the energy resources to replace oil, 
to dcyisc resource- management techniques that will protect 
the earth*s biological systems, and to develop agricultural prac- 
tices that will protect soils. The all-out mobilization that these 
circumstances call for entails, among other things, shifting part 
of the world's scientific talent now employed in the military 
sector to the energy sector. 

Apart from the heavy claim it represents on public resources, 
the contnming exorbitant investment in armaments contrib- 
utes to suspicion and distrust among nations. In such a psycho- 
logical climate, addressing shared threats to the security of 
nations becomes next to impossible. Conversely, reducing mili- 
tary expenditures would likely lead to a more cooperative atti^ 
tude among national governments, especially if the super- 
powers took the initiative. , 

In the late twentieth century, the key to national security is 
sustainability. If the biological underpinnings of the global 
economic system cannot be secured,'and if new energy sources 
and systems are not in place as the oil wells begin to go dry, 
then economic disruptions and breakdowns are inevitable In 
effect, the traditional military concept of "national security'' is 
growing ever less adequate as nonmilitary threats grow moie 
formidable. The purpose of national security deliberations 
should not be to maximize military strength, but to maximize 
national security. — 
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A New Economic Yardstick ' \ " 

'/ ^ . o 
As sustainability becomes the goal of economic policy and 
' planning, the debate that was faunched in 1972 with the piibli- 
cation of The Limits to Growth will fade. The choice between 
growth or no growt'h'Avill'Come.to seem less relevant than that 
•between one way of sustaining ourselves and another. 

As a sustainable economic system evolves, the recognized 
inadequacies of the existing system of national economic ac- 
counting b^sed on the Gross National Product as the yardstick 
of progress will become even fhore evident. In particular, the 
shift, from planned obsolescence to durability as an economic 
goal wilRall for a new indicator of economic progress. Central 
—to this redefini^n will be economist Kenneth Boulding s ob- 
servation tfiat ^ is^sfocks of g6..ds that contribute to human 
^ wellbcing whjle flows contribute to Gross National Product/'^o 
^ With the existing national accounting systems, the production ' 
^ of shoddy goods that have to be replaced or repaired frequently 
raises the GNP, whereas a modest additional investment in 
high-quality engineering that greatly extends the lifetime of 
products could actually lower the GNP. 

Therefore, the shift from the use of oil and other nonrenew- 
able energy sources to the use of lenewable energy sources also 
calls for A new technique for n\easuring economic progress 
Should, for instance, the United States shift from electrical 
. , * water heaters^to solar water heaters within a given year, the 
GNP would (decline abruptly the following year because no- 
body would be paying_ejlfcdtrical utility bills for water heating 
While both electrical and solar water heaters require initial, 
capital investments, using an electrical \\ater heater also means 
paying a monthly bill, whereas use of the solar water heater 
entails no fuel costi Thus, other things being equal, an over- 
\ night switch from electrical to solar water heaters would reduce 
the GNP even though the quantity of hot water supplied to 
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consumers jcould remain unchanged or-even increase More 
* generally, the development and^use of renewable energy 
sources cannot be properly valued using a tool as crude as the 
GNP. ConStriicHng a Building that incoipo^ates the basic prin- 
ciples »of energy architetturi will help the GNP over 
tirtie, forjnstance, while constructing a poorly designed and 
(jngrgy-inefflcient one will raise the GNP! Similarly, adopting* 
a sensible set of building energy performance standards could 
simuitaneously'lead to a lower GNP and a higher standard of 
'living. . ^ 

As the nature of the shift from growth to sustainability- 
becgnies clea^ the current emphasis placed on such key indica- 
tors of progress as economic growth and labor productivity will 
come to look increasingh suspect Neither of these indicators 
measures progress toward a sustainable economic system, 
which should nov\ be the dominant goal of economic policy. 
More relevant indicators of economic health might be growth 
in the share of natioivil energy use derived from renewable 
iOurces or the progress toward achieving a stationary popula- 
tion. (See Table 13-2.) Indeed, a case can be made that one 
reason for the rather dismal global economic performance in 
recent years'is flTahthe^xistmg set of economic indicators no 
longer adcquat eh nytasurcs whaf^governments, industries, and 
^mdividuals are attempting or achieving, even if inadvertently 
Another weakness of the GNP as the measure of well-being 
IS that as it rises, its correlation with human welfare weakens 
and sometimes becomes negative For example, levels of grain 
consumption have traditionally been used. as an indicator of 
diet quality. But it is now becoming clear that in many coun- 
tries per capita grain consumption, in the form of grain and 
products derived from grain, has risen to the point where 
. further increases in4icate an unhealthy diet, one that Ts too rich 
m ainmal fats and alcohol. By the same token, high levels of 
energy use may be excessive, inviting people to eliminate exer- 
cise altogether. 
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Selected Indicators of Progress Toward A sSlainable 
Economy 
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Source World\^'atch Imtitutc 



-Tlic need to overhauLour econemic accounting system has 
long been plain. For years, the Overseas Development Council 
has been using a physical quality of life index (PQLI) based on 
three social indicators— life expectancy, infant mortality, Snd 
hterky— as an alternative to per capita GNP.^ But the need 
for even more sophisticated indicators that at least indirectly^ 
measure the equity of income distribution, as well as the aver- 
age level of income, takes on a new urgency in light of the 
emerging resource squeeze. 

As pressures on resources mount, the need to disting'uish 
betu'een basic needs and luxuries will increase For some- 
one who has a single crust of bread, a second crust of bread is 
* of immeasurable value. Indeed, it may represent the differ- 
ence between surviving and starving to death. For someone 
with a loaf of br/Jad, however, an additional crust of bread is 
of marginal value, indeed,' if that person is already over- 
weight, an .aciditionat crust of bread jnay be detrimental to 
heajth. ' ' ; . 
One of the most basic needs, of course, is that for food. In 
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its rgj:ent analysis of internal economic conditions and citizen 
well-being, Bangladesh has begun to define poverty not in 
terms of per capita income, but in terms of caloric intake. In 
1980, it reported that 85 percent of the population was living 
below the poverty line, defined as 2,122 calories per day, and 
54 percent below the extreme poverty line of 1 ,885 calories 22 
Of these extremely poor groups, half were either landless or 
had less than one acre of land. * j"^ 

At the other end of the international economic spectrum, 
countries faced with a reduction in oil supplies are attempting 
to determine exactly what constitutes a luxury. In the midst of 
a public debate on gasoline tax policy, the Frankfurter Rund- 
schau recently editorialized: ''If the future is somehow to be 
secure from an energy point of view, driving to the bakery to 
get rolls must be universally viewed as a luxury."^^ The edito- 
rial writer argued that repealing the vehicle tax and boosting 
the gasoline tax would ensure that ''he who drives to the bakery 
will pay a premium for his indulgence." Public debates on 
issues of this sort will occur repeatedly in countries everywhere 
in the years ahead. 

Such debates underline the need for clearer thinking and 
better measurement devices. It is clear that after a point, eco- 
nomic growth and well-being are not closely correlated at the 
individual level. Just as it has become necessary to abandon the 
long-held belief that econoinic'growthls directly predicated on 
growth in energy consumption, so no^it may be time to realize 
that the assumed relationship between humar^ well-being and 
the traditional economic yardstick, growth ii. the Gross Na- 
tional Product, needs to be reexamined. Apart from the 
amount of growth are the important questions of its nature and 
of the. distribution of its benefits. 

Existing monetary measurements of inflation are also inade- 
quate since for a substantial share o{ humanity, most basic 
needs are for subsistence rather than marketed goods Using 
only monetary measurements of inflation obscures the increase 
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in eflPort required to satisfy basic needs in the subsistence seg- 
ment of the world economy. An African farmer whomust work 
harder and harSer to produce enough food for his family as his 
plot of land deteriorates finds the efforts required to satisfy 
those food needs being continually inflated though they are not 
monetized. Likewise, those women and children^ who gather 
much of the firewood for the nearly 1.3 billion people in the 
Third World for whom wood is the principal fuel find they 
must spend ever more hours to satisf)' those nee'ds as the forests 
recede from the villages.^^ 

\ i 
r J i( /I Sense of Excitement - 

Taking part in the creation t)f a sustainable society will be 
an extraordinarily satisfying experience, bringing a sense of 
excitement that our immediate forebears engaged in the 
building of fossil fuel-based societies did net have. In effect, 
we have embarked on a shared* advaiture, the building of a 
society that has the potential to be an enduring one. This 
awarenessi.could'begin .to ,pcrmeate almost everything we do, 
imbuing ilwith^ sense of exc^fement— one thafderives in part 
from the scale of the undertaking, which has no precedent, as 
well as from full knowledge of the risks and consequences of 
failure. 

We know what needs to be done to create a sustainable 
society. Each of the actions that most countries must take has 
already been taken by a few. Several industrial societies have 
already brought their population growth to a halt Some coun- 
tries have moved with commendable speed to develop one or 
more of the various solar energy sources. Within less than a 
decade, wood has regained a prominent position in the energy 
budget of the United Stated and South Korea, Countries as 
different as Sweden and Brazil are evolving national energy 
strategies based almost entirely on the use of renewable energy 
sources. Birth rates in a number of Third World countries have 
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dropped impressively while energy efficiency m the industrial 
societies^has increased markedly since 1978. 

Those who believe that the quality of life would improve 
' with programs aimed at lowering energy use look forward to a 
decline in energy use among the affluent. Microbiologist and 
socia^critic itcne Dubos, for example, believes that such a 
decline in the highly industrialized parts of the world would 
bring with it ^'improvements in physical and mental liealth, 
sounder agricultural practices based on ecological principles, 
architectural styles more interesting because they are better 
adapted to local conditions, and policies of rural and urban 
planning that would favor a revival of community spirit — and 
of course a less disturbed global ecology ."^^ , 

To the extent that the transition docs bring civilization and 
nature intQ harmony, it could unleash a torrent, of initiatives 
and innovations in science and che arts. With the human spirit 
unleashed, wc may even find that inan> problems will be solved 
more quickly than wc anticipate. Contemporary problems 
seem seamless, interconnected, and thus difficult to address in 
isolation: But this scpmlcssncss has another side. If progress is 
^ rnadc on some fronts, it is likely to translate into progress on 
many others. For example, recycling materials will simulta- 
neously save energy, reduce pollution, and lessen inflationary 
pressures. Slibstituting bicycles for automobiles will save en- 
ergy, reduce air pollution, reduce traffic congestion, and im- 
prove health. Making progress in reforestation will provide a 
future source of energy and raw materials, reduce flooding, 
reduce soil erosion, and help arrest the rise in levels of atmo- 
spheric carbon dioxide. 

\\\ Muddling Toward Frugality, Warren Johnson writes that 
in .the move toward sustainability "we will regain a degree of 
stability that will permit the deepening of culture and the 
enrichment of lives lived simply."26 Xhe transition from an 
unsustainable society to a sustainable one will lead to materially 
different life-styles. In the former, life-styles are centered more 
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around the pursuits of self-interest and gratification, but in the 
latter they will be infused with a sense of action and of com- 
mon purpose. 

If our attitude toward nature changes, as it must if a sustain- 
able society is to evolve, we may find our attitudes toward each 
other altered too. In effect, the value changes that lead to a 
more harmonious relationship with nature may also lead to a 
more harmonious relationship with each other. If we abandon 
our exploitative relationship with nature, we may be less in-' 
cfined to exploit each other. At the international level, we may 
begin to see that the real threat to the long-term security of 
nations and of civijfzation itself lies less in military conflict than 
|n theunsustainafjility of society as it is currently organized. 

. Already, shifts in public policies, investment patterns, and 
life-^styles are signaling that the transition has begun. Govern-^ 
ments, businesses, and individuals are using resources ipore 
efficiently and less wastefully. Around the world at least pmc * 
elements of simple living are being embraced by the affluent 
Each new hydroelectric generator, each new decline in the 
national birth rate, each new con\munity garden brings hu- 
manity closer to a sustainable society. Collectively, millions of 
small initiatives will bring forth a society that can endure. At 
first the changes are slow, but they are cumulative and they are 
^accelerating. Mutually reinforcing trends may move us toward 
a sustainable society much more quickly than now seems likely 

The prospect of creating a sustainable society is an exciting 
undertaking, one capable of commanding fully our loyalties 
and our energies. Every person, ev^ry organization, and govern- 
ment at every levejl will tiave a role to play. Be it Third^World 
villagers combining energies to organize a local firewood plan- 
tation or affluent suburbanites organizirig a comprehensive 
materials recycling program, every effort can make a difference 

Achievmg a sustainable society will not be possible without 
a massive reordering of priorities. This in turn depends on 
political action by individuals and by public interest groups. 
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much of it may come from the bottom rather than the top. If 
we fail, it will not be because we did not know what needed 
to be done. Unlike the Mayans, we know what must be done. 
W^at we will soon discover is whether we have the vision and 
the will to do it. 
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